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CANNABINOID RECEPTOR LIGANDS 



This application claims priority from U.S. provisional application Serial No. 
60/332,911 filed November 14, 2001. 

BACKGROUND 

The present invention relates to cannabinoid receptor ligands and, more 
particularly, to compounds that bind to cannabinoid (CB2) receptors. Compounds 
according to the present invention generally exhibit anti-inflammatory and 
immunomodulatory activity and are useful in treating conditions characterized by 
5 inflammation and immunomodulatory irregularities. Examples of conditions which 
may be treated include, but are not limited to, rheumatoid arthritis, asthma, 
allergy, psoriasis, Crohn's disease, systemic lupus erythematosus, multiple 
sclerosis, diabetes, cancer, glaucoma, osteoporosis, renal ischemia, cerebral 
stroke, cerebral ischemia, and nephritis. The invention also relates to 

1 0 pharmaceutical compositions containing said compounds. 

Cannabinoid receptors belong to the superfamily of G-protein coupled 
receptors. They are classified into the predominantly neuronal CB1 receptors and 
the predominantly peripheral CB2 receptors. While the effects of CB1 receptors 
are principally associated with the central nervous system, CB2 receptors are 

15 believed to have peripheral effects related to bronchial constriction, 

immunomodulation and inflammation. As such, a selective CB2 receptor binding 
agent is expected to have therapeutic utility in the control of diseases associated 
with inflammation, immunomodulation and bronchial constriction such as 
rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis, diabetes, 

20 osteoporosis, renal ischemia, cerebral stroke, cerebral ischemia, nephritis, 

inflammatory disorders of the lungs and gastrointestinal tract, and respiratory tract 
disorders such as reversible airway obstruction, chronic asthma and bronchitis 
(see, e.g., R.G. Pertwee, Curr. Med. Chem. 6(8), (1999), 635). 

Various compounds have reportedly been developed which interact with 

25 CB 2 receptors and/or which have, inter alia, anti-inflammatory activity associated 
with cannabinoid receptors. See, e.g., U.S. Pat. Nos. 5,338,753, 5,462,960, 
5,532,237, 5,925,768, 5,948,777, 5,990,170, 6,013,648 and 6,017,919. 
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SUMMARY OF THE INVENTION 
In its many embodiments, the present invention provides compounds of 
formula I: 



or a pharmaceutical^ acceptable salt or solvate of said compound, wherein: 
L 1 is a covalent bond, -CH r , -C(O)-, -C(0)0-, S(0 2 )-, -S(O)-, -S-, -0-, -NH-, or 
-N(R 7 )-; 

L 2 is -CH2-, -C(H)(alkyl)- > -C(alkyl)2-. -C(O)-, -SO-, -S(0 2 >, -C(=NR 7 )-, -C(=N-CN)- 



-C(=N-OR 7 ); 

L 3 is a covalent bond, -C(O)- or -S(0 2 )-; 

R 1 is selected from the group consisting of H, halogen, alkyl, haloalkyl, cycloalkyl. 
cycloalkylalkyl, heterocyclylalkyl, -NHR 7 , -N(R 7 )2, -C(0)R 7 , -C(0)OR 7 , -S(0 2 )R 7 , - 
Si(alkyl)n(aryl)^, aryl and heteroaryl, wherein each of said aryl or heteroaryl can 
be unsubstituted or optionally substituted with one to five moieties which can be 
the same or different and are independently selected from the group consisting of 
halogen, alkyl. cycloalkyl, cycloalkylalkyl, haloalkyl. haloalkoxy, alkoxy, -N(R 7 ) 2 , - 
C(0)OR 7 , -C(0)N(R 7 ) 2 , -NC(0)R 7 , -NC(0)OR 7 , -NC(0)N(R 7 ) 2 , 
-N0 2 , -CN, -S(0 2 )R 7 , -S(0 2 )N(R 7 )2, -NC(=N-CN)NHR 7 , and OH, with the proviso 
that: 

a) when R 1 is halogen, L 1 is a covalent bond; 

b) when R 1 is -NHR 7 or -N(R 7 ) 2 , L 1 is a covalent bond, -CH 2 -, -C(O)-, - 
S(0 2 >or-SO-; 

c) when R 1 is -C(0)R 7 or -C(0)OR 7 , L 1 is a covalent bond, -CH 2 -, -NH- or - 
N(alkyl)-; and 

d) when R 1 is -S(0 2 )R 7 or -C(0)OR 7 , L 1 is a covalent bond, -CH^, -NH- or 




or 



-N(alkyl)-; 
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R 2 is H, -OH, halogen, -N(RV. -CF 8 . alkoxy, alkyl, haloalkyl. cycloalkyl or 
cycloalkylalkyl; 

R 3 and R 4 are the same or different, and are independently H or alkyl, or R 3 and 
R 4 taken together form a carbonyl group, i.e. C(=0); 
5 R 5 is H or alkyl; 

• R 6 is selected from the group consisting of H, alkyl. haloalkyl, cycloalkyl, NHR 7 , 
N(R 7 ) 2 . aryl and heteroaryl, wherein each of said aryl and heteroaryl can be 
unsubstituted or optionally substituted with one to five moieties which moieties can 
be the same or different and are independently selected from the group consisting 

10 of halogen, alkyl, cycloalkyl, haloalkyl, haloalkoxy, alkoxy and OH; 

R 7 is selected from H, alkyl, haloalkyl, cycloalkyl, heterocyclylalkyl, aryl and 
heteroaryl, wherein each of said aryl and heteroaryl can be unsubstituted or 
optionally substituted with one to five moieties which moieties can be the same or 
different and are independently selected from the group consisting of halogen, 

1 5 alkyl, cycloalkyl, haloalkyl, haloalkoxy, alkoxy and/or OH; 

A is selected from phenyl, naphthyl, pyridyl, thienyl, thiazolyl, and indolyl, quinolyl, 
isoquinolyl, pyrazinyl, pyridazinyl, furanyl, pyrrolyl, pyrimidyl, quinazolinyl, 
quinoxalinyl, phthalazinyl, benzofuranyl. benzothienyl; 
X is independently selected from the group consisting of H, halogen, alkyl, 

20 cycloalkyl, haloalkyl. hydroxy, alkoxy, alkoxycarbonyl, haloalkoxy, -N(R 7 ) 2 , 

-N(R 7 )(C(0)R 7 ), -N(R 7 )(C(0)OR 7 ), -N0 2 and -CN, and when A is selected from 
the group consisting of pyridyl, thienyl, thiazolyl, indolyl, quinolyl, isoquinolyl, 
pyrazinyl, pyridazinyl, pyrrolyl, pyrimidyl, cinnolinyl, quinazolinyl, quinoxalinyl, 
phthalazinyl, and benzothienyl, X can be oxide; 

25 and 
n is 0-3, 

with the proviso that (i) the two R 7 moieties in -N(R 7 ) 2 can be the same or different 
and are independently selected, and (ii) the moiety -N(R 5 )-L 3 -R 6 can optionally 
form a ring system. 

30 The compounds of the present invention can be useful as cannabinoid 

receptor ligands. The compounds can have anti-inflammatory activity and/or 
immunomodulatory activity and can be useful in the treatment of various medical 
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conditions including, e.g., cutaneous T-cell lymphoma, rheumatoid arthritis, 
systemic lupus erythematosus, multiple sclerosis, glaucoma, diabetes, sepsis, 
shock, sarcoidosis, idiopathic pulmonary fibrosis, bronchopulmonary dysplasia, 
retinal disease, scleroderma, osteoporosis, renal ischemia, myocardial infarction, 
cerebral stroke, cerebral ischemia, nephritis, hepatitis, glomerulonephritis, 
cryptogenic fibrosing aveolitis, psoriasis, transplant rejection, atopic dermatitis, 
vasculitis, allergy, seasonal allergic rhinitis, Crohn's disease, inflammatory bowel 
disease, reversible airway obstruction, adult respiratory distress syndrome, 
asthma, chronic obstructive pulmonary disease (COPD) or bronchitis. It is 
contemplated that a compound of this invention may be useful in treating one or 
more of the diseases listed. 

DETAILED DESCRIPTION 

In one embodiment, the present invention discloses cannabinoid receptor 
ligands represented by structural formula I, or a pharmaceutical^ acceptable salt 
or solvate thereof, wherein the various moieties are described above. 

In a preferred embodiment of compounds of formula I, L 1 is -CH2-, -C(O)-, 
-S(0)-,-C(0)0-or-S(0 2 )-. 

In another preferred embodiment, L 2 is -CH r , -C(H)(alkyl)-, -C(alkyl)r. 

-C(0)-,-SO-or-S(0 2 )-. 

In another preferred embodiment, L 3 is -C(O)- or-S(0 2 )-. 

In another preferred embodiment, R 1 is alkyl, haloalkyl, cycloalkyl, aryl or 
heteroaryl, wherein each of said aryl and heteroaryl can be unsubstituted or 
optionally independently substituted with one to three moieties which can be the 
same or different and are independently selected from halogen, alkyl, cycloalkyl, 
haloalkyl. haloalkoxy, -N(R 7 ) 2 , -CN, (d-C 6 )alkoxy and OH. 

In another preferred embodiment, R 2 is H, OH. halogen, CF 3 , alkoxy, 
-N(R 7 )27arkyl, (C^haloalkyl, ^ 

In another preferred embodiment, R 3 and R 4 are the same or different, and 

are independently H or C r C 6 alkyl. 

In another preferred embodiment, R 5 is H or Ci-C 6 alkyl. 

In another preferred embodiment, R 6 is H, d-C 6 alkyl. or haloalkyl. 
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In another preferred embodiment, A is phenyl, naphthyl, indolyl, furanyl or 
pyridyl. 

In another preferred embodiment, X is selected from the group consisting 
of H, halogen, alkyl, haloalkyl, (C 3 -C 5 )cycloalkyl, hydroxy, alkoxy, and haloalkoxy. 
In another preferred embodiment, n is 0-2. 

In an additional preferred embodiment, R 1 is alkyl, haloalkyl, cycloalkyl, aryl 
or heteroaryl" wherelrfeach of said aryl andlieteroaryl can be unsabstltuted-or 
optionally independently substituted with one to three moieties which can be the 
same or different and are independently selected from the group consisting of 
halogen, alkyl. cycloalkyl, haloalkyl, haloalkoxy, (C r C 6 )alkoxy and OH. 

In an additional preferred embodiment, L 1 is -CH2-, -C(0)0- or-S(0 2 )-. 
In an additional preferred embodiment, L 2 is -CH2- or -S(0 2 )-. 
In an additional preferred embodiment, L 3 is -C(O)- or-S(0 2 )-. 
In an additional preferred embodiment, R 2 is H, OH, halogen, CF 3 , alkoxy, 
(C r C 6 )alkyl, (C r C 6 )haloalkyl, (C 3 -C 5 )cycloalkyl or -CH2-(C 3 -C 5 )cycloalkyl. 
In an additional preferred embodiment, R 3 and R 4 are H. 
In an additional preferred embodiment, R 5 is H or C r C 6 alkyl. 
In an additional preferred embodiment, R 6 is H, Ci-C 6 alkyl, or haloalkyl. 
In an additional preferred embodiment, A is phenyl, indolyl or pyridyl. 
In an additional preferred embodiment, X is selected from H, halogen, alkyl. 
haloalkyl, (C 3 -C 5 )cycloalkyl, hydroxy, alkoxy, and haloalkoxy. 
In an additional preferred embodiment, n is 0-2. 
In a still additional preferred embodiment, L 1 is -C(0)0- or-S(0 2 )-. 
In a still additional preferred embodiment, L 2 is -S(0 2 )-. 
In a still additional preferred embodiment, L 3 is -C(O)- or -S(0 2 )-. 
In a still additional preferred embodiment, R 1 is selected from t-butyl, i- 
propyl, neopentyl, 2-trifluoromethyl-2-propyl, 1,1-bis(trifluoromethyl)-1 -ethyl, 2- 
fluorophenyl, 2,6-difluorophenyl, 2-pyridyl, and 2-pyrimidyl. 

In a still additional preferred embodiment, R 2 is H, F, (d-C 6 )alkyl, OH, or 

alkoxy. 

In a still additional preferred embodiment, R 3 and R 4 are H. 
In a still additional preferred embodiment, R 5 is H. 
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In a still additional preferred embodiment, R 6 is CH 3 or CF 3 . 

In a still additional preferred embodiment, A is phenyl, indolyl or pyridyl. 

In a still additional preferred embodiment, X is selected from H, OH, CI, Br, 
CF 3 , CH3O-, CF3O- and CHF 2 0-. 
5 In a still additional preferred embodiment, n is 0-2. 

A particularly preferred compounds of the invention are represented by 
general formulas 2 and 3: 




10 wherein: 

R 1 is selected from the group consisting of alkyl, haloalkyl, cycloalkyl, aryl 
and heteroaryl, wherein each of said aryl and heteroaryl can be unsubstituted or 
optionally substituted with one to five moieties which moieties can be the same or 
different and are independently selected from the group consisting of halogen, 
1 5 alkyl, cycloalkyl, haloalkyl, haloalkoxy, (Ci-Cejalkoxy and/or OH; 

R 2 is H, OH, F, (C r C 6 )alkyl, (C r C 6 )haloalkyl, alkoxy or (C 3 -C 5 )cycloalkyi; 

R 6 is H, Ci-C 6 alkyl or haloalkyl; 

L 3 is -C(0)- or -S(0 2 fr and 

X is selected from H, halogen, alkyl, haloalkyl, hydroxy, alkoxy, (C 3 - 
20 C5)cycloalkyl and haloalkoxy. 

In additionally preferred compounds of the formulas 2 and 3 above, 
X is selected from -OCH 3 , -OCHF 2 , -OCF 3 , OH or halogen and n is 0-2. 

In still additionally preferred compounds of formulas 2 and 3 above, X is 
selected from -OCH 3 and chlorine. 
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Additional preferred compounds are represented by general formulas 4 and 




5: O 

4 




O 



5 5 
wherein, in formulas 4 and 5: 
L 3 is-C(0)- or-S(0 2 ); 

R 1 is alkyl, haloalkyl, cycloalkyl, aryl or heteroaryl, wherein said aryl and 
heteroaryl can be unsubstituted or optionally substituted with one to five moieties 
1 0 which can be the same or different and are independently selected from the group 
consisting of halogen, OH; alkyl, cycloalkyl, haloalkyl, haloalkoxy, and/or (C r 
C 6 )alkoxy 

R 2 is H, OH, F, (Ci-C 6 )alkyl, (CrC 6 )haloalkyl, alkoxy or (C 3 -C 5 )cycloalkyl, CHr 
(C 3 -C 5 )cycloalkyl; 
15 R 5 isH, alkyl, or aryl 

R 6 is H, C r C 6 alkyl, or haloalkyl; 

X is selected from the group consisting of H, halogen, alkyl, haloalkyl, (C3- 
C 5 )cycloalkyl, alkoxy, hydroxy and haloalkoxy; and 
n is 0-2. 

20 As used above, and throughout this disclosure, the following terms, unless 

otherwise indicated, shall be understood to have the following meanings: 
"Patient" includes both human and animals. 
"Mammal" means humans and other mammalian animals. 
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"Alkyl" means an aliphatic hydrocarbon group which may be straight or 
branched and comprising about 1 to about 20 carbon atoms in the chain. 
Preferred alkyl groups contain about 1 to about 12 carbon atoms in the chain. 
More preferred alkyl groups contain about 1 to about 6 carbon atoms in the chain. 

5 Branched means that one or more lower alkyl groups such as methyl, ethyl or 
propyl, are attached to a linear alkyl chain. "Lower alkyl" means a group having 
about 1 to about 6 carbon atoms in the chain which may be straight or branched. 
The term "substituted alkyl" means that the alkyl group may be substituted by one 
or more substituents which may be the same or different, each subsfrtuent being 

10 independently selected from the group consisting of halo, alkyl, aryl, cycloalkyl, 
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl>2, 
carboxy and -C(0)0-alkyl. Non-limiting examples of suitable alkyl groups include 
methyl, ethyl, n-propyl, isopropyl and t-butyl. 

"Alkynyl" means an aliphatic hydrocarbon group containing at least one 

15 carbon-carbon triple bond and which may be straight or branched and comprising 
about 2 to about 15 carbon atoms in the chain. Preferred alkynyl groups have 
about 2 to about 12 carbon atoms in the chain; and more preferably about 2 to 
about 4 carbon atoms in the chain. Branched means that one or more lower alkyl 
groups such as methyl, ethyl or propyl, are attached to a linear alkynyl chain. 

20 "Lower alkynyl" means about 2 to about 6 carbon atoms in the chain which may 
be straight or branched. Non-limiting examples of suitable alkynyl groups include 
ethynyl, propynyl, 2-butynyl and 3-methylbutynyl. The term "substituted alkynyl" 
means that the alkynyl group may be substituted by one or more substituents 
which may be the same or different, each substituent being independently 

25 selected from the group consisting of alkyl, aryl and cycloalkyl. 

"Alkylene" means a difunctional group obtained by removal of a hydrogen 
atom from an alkyl group that is defined above. Non-limiting examples of alkylene 
include methylene, ethylene and propylene. 

"Aryl" means an aromatic monocyclic or multicyclic ring system comprising 

30 about 6 to about 14 carbon atoms, preferably about 6 to about 1 0 carbon atoms. 
The aryl group can be optionally substituted with one or more "ring system 
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substituents" which may be the same or different, and are as defined herein. Non- 
limiting examples of suitable aryl groups include phenyl and naphthyl. 

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system 
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring 
5 atoms, in which one or more of the ring atoms is an element other than carbon, for 
example nitrogen, oxygen or sulfur, alone or in combination. Preferred heteroaryls 
contain about 5 to about 6 ring atoms. The "heteroaryl" can be optionally 
substituted by one or more "ring system substituents" which may be the same or 
different, and are as defined herein. The prefix aza, oxa or thia before the 

1 0 heteroaryl root name means that at least a nitrogen, oxygen or sulfur atom 
respectively, is present as a ring atom. A nitrogen atom of a heteroaryl can be 
optionally oxidized to the corresponding N-oxide. Non-limiting examples of 
suitable heteroaryls include pyridyl, pyridyl-N-oxide, pyrazinyl, furanyl, thienyl, 
pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl, 

15 pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl, 
phthalazinyl, imidazo[1 ,2-a]pyridinyl, imidazo[2,1-b]thiazo!yl, benzofurazanyl, 
* indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl, 
thienopyridyl, quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, 
isoquinolinyl, benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and the like. 

20 "Aralkyl" or "arylalkyl" means an aryl-alkyl- group in which the aryl and alkyl 

are as previously described. Preferred aralkyls comprise a lower alkyl group. Non- 
limiting examples of suitable aralkyl groups include benzyl, 2-phenethyl and 
naphthalenylmethyl. The bond to the parent moiety is through the alkyl. 

"Alkylaryl" means an alkyl-aryl- group in which the alkyl and aryl are as 

25 previously described. Preferred alkylaryls comprise a lower alkyl group. Non- 
limiting example of a suitable alkylaryl group is tolyl. The bond to the parent 
moiety is through the aryl. 

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system 
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 

30 carbon atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring atoms. 
The cycloalkyl can be optionally substituted with one or more "ring system 
substituents" which may be the same or different, and are as defined above. Non- 



WO 03/042174 PCT/US02/36185 



10 



limiting examples of suitable monocyclic cycloalkyls include cyclopropyl, 
cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting examples of suitable 
multicyclic cycloalkyls include 1 -decalinyl, norbornyl, adamantyl and the like. 

"Halogen" or "halo" means fluorine, chlorine, bromine, or iodine. Preferred 

5- -are fluorine, chlorine or bromine, and more preferred are fluorine and chlorine. 

"Ring system substituent" means a substituent attached to an aromatic or 
" non-aromatic ring systeTTwhich, forexamplerreplaces-an available hydrogen on 
the ring system. Ring system substituents may be the same or different, each 
being independently selected from the group consisting of aryl. heteroaryl, aralkyl, 

10 alkylaryl, heteroaralkyl, alkylheteroaryl, hydroxy, hydroxyalkyl, alkoxy, aryloxy, 
aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl, 
aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylthio, arylthio, 
heteroarylthio, aralkylthio, heteroaralkylthio, cycloalkyl, heterocyclyl, Y1Y2N-, 
YiY 2 N-alkyl-, YiY 2 NC(0>- and W2NSO2-, wherein Y1 and Y 2 may be the same or 

1 5 different and are independently selected from the group consisting of hydrogen, 

alkyl, aryl, and aralkyl. 

"Heterocyclyl" means a non-aromatic saturated monocyclic or multicyclic 
ring system comprising about 3 to about 10 ring atoms, preferably about 5 to 
about 1 0 ring atoms, in which one or more of the atoms in the ring system is an 

20 element other than carbon, for example nitrogen, oxygen or sulfur, alone or in 

combination. There are no adjacent oxygen and/or sulfur atoms present in the ring 
system. Preferred heterocyclyls contain about 5 to about 6 ring atoms. The prefix 
aza, oxa or thia before the heterocyclyl root name means that at least a nitrogen, 
oxygen or sulfur atom respectively is present as a ring atom. The heterocyclyl can 

25 be optionally substituted by one or more "ring system substituents" which may be 
the same or different, and are as defined herein. The nitrogen or sulfur atom of the 
heterocyclyl can be optionally oxidized to the corresponding N-oxide, S-oxide or 
S,S-dioxide. Non-limiting examples of suitable monocyclic heterocyclyl rings 
include piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, 

30 thiazolidinyl, 1 ,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, and the like. 

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl and 
alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl 
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group. Non-limiting examples of suitable aralkyl groups include pyridylmethyl, and 
quinolin-3-ylmethyl. The bond to the parent moiety is through the alkyl. 

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously 
defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of 
suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl. 

"Acyl" means an H-C(O)-, alkyl-C(O)- or cycloalkyl-C(0)- > group in which 
the variousgroups are as previously described. The bond to the parent moiety is 
through the carbonyl. Preferred acyls contain a lower alkyl. Non-limiting examples 
of suitable acyl groups include formyl, acetyl and propanoyl. 

"Aroyl" means an aryl-C(O)- group in which the aryl group is as previously 
described. The bond to the parent moiety is through the carbonyl. Non-limiting 
examples of suitable groups include benzoyl and 1- naphthoyl. 

"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously 
described. Non-limiting examples of suitable alkoxy groups include methoxy, 
ethoxy, n-propoxy, isopropoxy and n-butoxy. The bond to the parent moiety is 
through the ether oxygen. 

"Aryloxy" means an aryl-O- group in which the aryl group is as previously 
described. Non-limiting examples of suitable aryloxy groups include phenoxy and 
naphthoxy. The bond to the parent moiety is through the ether oxygen. 

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl group is as 
previously described. Non-limiting examples of suitable aralkyloxy groups include 
benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent moiety is 
through the ether oxygen. 

"Alkylthio" means an alkyl-S- group in which the alkyl group is as previously 
described. Non-limiting examples of suitable alkylthio groups include methylthio 
and ethylthio. The bond to the parent moiety is through the sulfur. 

"Arylthio" means an aryl-S- group in which the aryl group is as previously 
described. Non-limiting examples of suitable arylthio groups include phenylthio 
and naphthylthio. The bond to the parent moiety is through the sulfur. 

"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as 
previously described. Non-limiting example of a suitable aralkylthio group is 
benzylthio. The bond to the parent moiety is through the sulfur. 
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"Alkoxycarbonyl" means an alkyl-O-CO- group. Non-limiting examples of 
suitable alkoxycarbonyl groups include methoxycarbonyl and ethoxycarbonyl. The 
bond to the parent moiety is through the carbonyl. 

"Aryloxycarbonyl" means an aryl-O-C(O)- group. Non-limiting examples of 
suitable aryloxycarbonyl groups include phenoxycarbonyl and naphthoxycarbonyl. 
The bond to the parent moiety is through the carbonyl. 

"Aralkoxycarbonyl" means an aralkyl-O-C(O)- group. Non-limiting example 
of a suitable aralkoxycarbonyl group is benzyloxycarbonyl. The bond to the parent 

moiety is through the carbonyl. 

"Alkylsulfonyl" means an alkyl-S(6 2 )- group. Preferred groups are those in 
which the alkyl group is lower alkyl. The bond to the parent moiety is through the 
sulfonyl. 

"Arylsulfonyl" means an aryl-S(0 2 )- group. The bond to the parent moiety is 

through the sulfonyl. 

"Halogenated alkyl" o«" "haloalkyl" means alkyl having 1 or more halogen 

atoms. 

"Heteroalkyl" means straight or branched alkyl chain comprised of from 1 to 
12 carbon atoms and 1 or more heteroatoms independently selected from the 
group consisting of N, O and S. 

The term "substituted" means that one or more hydrogens on the 
designated atom is replaced with a selection from the indicated group, provided 
that the designated atom's normal valency under the existing circumstances is not 
exceeded, and that the substitution results in a stable compound. Combinations of 
substituents and/or variables are permissible only if such combinations result in 
stable compounds. By "stable compound' or "stable structure" is meant a 
compound that is sufficiently robust to survive isolation to a useful degree of purity 
from a reaction mixture, and formulation into an efficacious therapeutic agent. 

The term "optionally substituted" means optional substitution with the 
specified groups, radicals or moieties. 

It should also be noted that any heteroatom with unsatisfied valences in the 
text, schemes, examples and Tables herein is assumed to have the hydrogen 
ato*m to satisfy the valences. 
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When a functional group in a compound is termed "protected", this means 
that the group is in modified form to preclude undesired side reactions at the 
protected site when the compound is subjected to a reaction. Suitable protecting 
groups will be recognized by those with ordinary skill in the art as well as by 
5_ reference to standar d textbo oks such as, for example, T. W. Greene et al, 
Protective Groups in organic Synthesis (1991), Wiley, New York. 

When any variable (e.g., aryl, heterocycle, R 2 , etcOrcrcears-morethan one 
time in any constituent or in Formula III, its definition on each occurrence is 
independent of its definition at every other occurrence. 

10 As used herein, the term "composition" is intended to encompass a product 

comprising the specified ingredients in the specified amounts, as well as any 
product which results, directly or indirectly, from combination of the specified 
ingredients in the specified amounts. 

Prodrugs and solvates of the compounds of the invention are also 

1 5 contemplated herein. The term "prodrug", as employed herein, denotes a 
compound that is a drug precursor which, upon administration to a subject, 
undergoes chemical conversion by metabolic or chemical processes to yield a 
compound of Formula III or a salt and/or solvate thereof. A discussion of prodrugs 
is provided in T. Higuchi and V. Stella, Pro-dmgs as Novel Delivery Systems 

20 (1 987) 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in Drug 
Design, (1987) Edward B. Roche, ed., American Pharmaceutical Association and 
Pergamon Press, both of which are incorporated herein by reference thereto. 

"Solvate" means a physical association of a compound of this invention 
with one or more solvent molecules. This physical association involves varying 

25 degrees of ionic and covalent bonding, including hydrogen bonding. In certain 
instances the solvate will be capable of isolation, for example when one or more 
solvent molecules are incorporated in the crystal lattice of the crystalline solid. 
"Solvate" encompasses both solution-phase and isolatable solvates. Non-limiting 
examples of suitable solvates include ethanolates, methanolates, and the like. 

30 "Hydrate" is a solvate wherein the solvent molecule is H 2 0. 

"Effective amount" or "therapeutically effective amount" is meant to 
describe an amount of compound or a composition of the present invention 
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effective in inhibiting the CDK(s) and thus producing the desired therapeutic, 
ameliorative, inhibitory or preventative effect. 

The compounds of Formula III can form salts which are also within the 
scope of this invention. Reference to a compound of Formula III herein is 
5 understood to include reference to salts thereof, unless otherwise indicated. The 
term "salt(s)", as employed herein, denotes acidic salts formed with inorganic 
and/or organic acids, as well as basic salts formed with inorganic and/or organic 
bases. In addition, when a compound of Formula III contains both a basic moiety, 
such as, but not limited to a pyridine or imidazole, and an acidic moiety, such as, 

10 but not limited to a carboxylic acid, zwitterions ("inner salts") may be formed and 
are included within the term "salt(s)" as used herein. Pharmaceutically acceptable 
(i.e., non-toxic, physiologically acceptable) salts are preferred, although other salts 
are also useful. Salts of the compounds of the Formula III may be formed, for 
example, by reacting a compound of Formula III with an amount of acid or base, 

15 such as an equivalent amount, in a medium such as one in which the salt 
precipitates or in an aqueous medium followed by lyophilization. 

Exemplary acid addition salts include acetates, ascorbates, benzoates, 
benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates, 
camphorsulfonates, fumarates, hydrochlorides, hydrobromides, hydroiodides, 

20 lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates, oxalates, 
phosphates, propionates, salicylates, succinates, sulfates, tartarates, 
thiocyanates, toluenesulfonates (also known as tosylates,) and the like. 
Additionally, acids which are generally considered suitable for the formation of 
pharmaceutically useful salts from basic pharmaceutical compounds are 

25 discussed, for example, by S. Berge ef a/, Journal of Pharmaceutical Sciences 
(1977) 66(1) 1-19; P. Gould, international J. of Pharmaceutics (1986) 33 201-217; 
Anderson et a/, The Practice of Medicinal Chemistry (1996), Academic Press, 
New York; and in The Orange Book (Food & Drug Administration, Washington, 
D.C. on their website). These disclosures are incorporated herein by reference 

30 thereto. 

Exemplary basic salts include ammonium salts, alkali metal salts such as 
sodium, lithium, and potassium salts, alkaline earth metal salts such as calcium 
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and magnesium salts, salts with organic bases (for example, organic amines) 
such as dicyclohexylamines, t-butyl amines, and salts with amino acids such as 
arginine, lysine and the like. Basic nitrogen-containing groups may be 
quarternized with agents such as lower alkyl halides (e.g. methyl, ethyl, and butyl 
5 chlorides, bromides and iodides), dialkyl sulfates (e.g. dimethyl, diethyl, and 
dibutyl sulfates), long chain halides (e.g. decyl, lauryl, and stearyl chlorides, 
" bromld^alidloTO and 
others. 

All such acid salts and base salts are intended to be pharmaceutically 
1 0 acceptable salts within the scope of the invention and all acid and base salts are 
considered equivalent to the free forms of the corresponding compounds for 
purposes of the invention. 

Compounds of Formula III, and salts, solvates and prodrugs thereof, may 
exist in their tautomeric form (for example, as an amide or imino ether). All such 
1 5 tautomeric forms are contemplated herein as part of the present invention. 

All stereoisomers (for example, geometric isomers, optical isomers and the 
like) of the present compounds (including those of the salts, solvates and 
prodrugs of the compounds as well as the salts and solvates of the prodrugs), 
such as those which may exist due to asymmetric carbons on various 
20 substituents, including enantiomeric forms (which may exist even in the absence 
of asymmetric carbons), rotameric forms, atropisomers, and diastereomeric forms, 
are contemplated within the scope of this invention, as are positional isomers 
(such as, for example, 4-pyridyl and 3-pyridyl). Individual stereoisomers of the 
compounds of the invention may, for example, be substantially free of other 
25 isomers, or may be admixed, for example, as racemates or with all other, or other 
selected, stereoisomers. The chiral centers of the present invention can have the 
S or R configuration as defined by the IUPAC 1 974 Recommendations. The use 
of the terms "salt", "solvate" "prodrug" and the like, is intended to equally apply to 
the salt, solvate and prodrug of enantiomers, stereoisomers, rotamers, tautomers, 
30 positional isomers, racemates or prodrugs of the inventive compounds. 

The compounds of the present invention can be useful as cannabinoid 
receptor ligands. The compounds can have anti-inflammatory activity and/or 
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immunomodulatory activity and can be useful in the treatment of various medical 
conditions including, e.g., cutaneous T-cell lymphoma, rheumatoid arthritis, 
systemic lupus erythematosus, multiple sclerosis, glaucoma, diabetes, sepsis, 
shock, sarcoidosis, idiopathic pulmonary fibrosis, bronchopulmonary dysplasia, 
retinal disease, scleroderma, osteoporosis, renal ischemia, myocardial infarction, 
cerebral stroke, cerebral ischemia, nephritis, hepatitis, glomerulonephritis, 
cryptogenic fibrosing aveolitis, psoriasis, transplant rejection, aioprclJermatitisT 
vasculitis, allergy, seasonal allergic rhinitis, Crohn's disease, inflammatory bowel 
disease, reversible airway obstruction, adult respiratory distress syndrome, 
asthma, chronic obstructive pulmonary disease (COPD) or bronchitis. It is 
contemplated that a compound of this invention may be useful in treating one or 
more of the diseases listed. 

Additionally, a compound of the present invention may be co-administered 
or used in combination with disease-modifying antirheumatic drugs (DMARDS) 
such as methotrexate, azathioprine, leflunomide, pencillinamine, gold salts, 
mycophenolate mofetil, cyclophosphamide and other similar drugs. They may 
also be co-administered with or used in combination with NSAIDS such as 
piroxicam, naproxen, indomethacin, ibuprofen and the like; COX-2 selective 
inhibitors such as Vioxx® and Celebrex®; immunosuppressives such as steroids, 
cyclosporin, Tacrolimus, rapamycin and the like; biological response modifiers 
(BRMs) such as Enbrel®, Remicade®. IL-1 antagonists, anti-CD40, anti-CD28, 
IL-10, anti-adhesion molecules and the like; and other anti-inflammatory agents 
such as P 38 kinase inhibitors. PDE4 inhibitors, TACE inhibitors, chemokine 
receptor antagonists. Thalidomide and other small molecule inhibitors of pro- 
inflammatory cytokine production. 

Also additionally, a compound of the present invention may be co- 
administered or used in combination with an H1 antagonist for the treatment of 
seasonal allergic rhinitis and/or asthma. Suitable H1 antagonists may be, for 
example, Claritin®, Clarinex®, Allegra®, orZyrtec®. 

In another aspect, the invention provides a method for treating rheumatoid 
arthritis comprising administering a compound of the formula I in combination with 
compound selected from the class consisting of a COX-2 inhibitor e.g. Celebrex® 
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orVioxx®; a COX-1 inhibitor e.g. Feldene®; an immunosuppressive e.g. 
methotrexate or cyclosporin; a steroid e.g. p-methasone; and anti-TNF-a 
compound, e.g. Enbrel® or Remicade®; a PDE IV inhibitor, or other classes of 
compounds indicated for the treatment of rheumatoid arthritis. 

In another aspect, the invention provides a method for treating multiple 
sclerosis comprising administering a compound of the formula I in combination 
with a compound selected from the group consisting of Avonex®, Betaseron, 
Copaxone or other compounds indicated for the treatment of multiple sclerosis. 

In another aspect, the invention relates to a pharmaceutical composition 
comprising a therapeutically effective amount of a compound of formula I in a 
pharmaceutical^ acceptable earner. 

In yet another aspect, the invention relates to a pharmaceutical 
composition for treating rheumatoid arthritis comprising a therapeutically effective 
amount of a compound of formula 1 in combination with a compound selected 
from the class consisting of a COX-2 inhibitor, a COX-1 inhibitor, an 
immunosuppressive, a steroid, an anti-TNF-a compound or other classes of 
compounds indicated for the treatment of rheumatoid arthritis. 
In still another aspect, the invention relates to a pharmaceutical composition for 
treating multiple sclerosis comprising a therapeutically effective amount of a 
compound of formula 1 in combination with a compound selected from the group 
consisting of Avonex®, Betaseron, Copazone or other compounds indicated for 
the treatment of multiple sclerosis. 

Compounds of the present invention are generally prepared by processes 
known in the art, for example, by the processes described below. 

The following abbreviations are used in the procedures and schemes: 
aqueous (aq.). anhydrous (anhyd), n-butyl (n-Bu), n-butyllithium (n-BuLi), 
concentrated (cone), diethyl ether (Et 2 0), days (d), 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDCI), dimethylformamide (DMF), ethanol 
(EtOH), ethyl (Et), ethyl acetate (EtOAc), hours (h), leaving group (LG), 
hydroxybenzotriazole (HOBT), mefa-chloroperoxybenzoic acid (MCPBA), lithium 
diisopropylamide (LDA), methanesulfonyl chloride (MsCI), methanol (MeOH), 
minutes (min), methyl (Me), methyllithium (MeLi), molar (moles per liter, M), N- 
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10 



chlorosuccinimide (NCS), W.AkJimethylaminopyridine (DMAP), normal (N), 

pounds per square inch (psi), preparative thin layer chromatography (PTLC), room 

temperature (rt), saturated sodium chloride solution (brine), silica gel 

chromatography (sgc), 2-(ferf-butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC- 

ON), ferf-butoxycarbonyl (BOC), trifluoroacetic anhydride (TFAA), trifluoroacetic 

acid (TFA), trifluoromethanesulfonic anhydride (Tf 2 0), and tetrahydrofuran (THF). 

In a typical work-up procedureT the reaction mixture" isdiluted with a suitable 

solvent, such as EtOAc, Et 2 0, or CH 2 CI 2 , and washed successively with 

appropriate acidic, basic, or neutral aqueous solutions. The organic solution is 

separated, dried over an appropriate drying agent such as MgS0 4 or Na 2 S0 4 , 

filtered, and the solvent removed by evaporation. 

General Scheme I 
Preparation of Arenesulfonyl Piperidine Compounds 
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Description of reaction Scheme I 

In step 1, a suitably protected and optionally functionalized 4- 
(aminomethyl)piperidine derivative is dissolved in CH 2 CI 2 , a tertiary amine base 
added, and the resulting solution cooled to 0 °C. A solution of an arenesulfonyl 
5 chloride in CH 2 Cl 2 is added. The reaction mixture is stirred at OX to rt for 2-24 h, 
and then worked up. The product is isolated, and optionally purified by sgc. 

In step 2, the product from step 1 is dissolved in a suitable solvent, such as 
THF, and cooled to -78 X. n-BuLi is added, and the resulting dianion solution is 
stirred for 30 min, then treated with an appropriate electrophile, such as a dialkyl 
10 dicarbonate, a sulfonyl fluoride, a disulfide, or elemental sulfur. The reaction is 
allowed to proceed at -78 X to rt for 3-24 h, then worked up, and the product is 
purified by sgc. 

In step 3, the product of step 2 is dissolved in a suitable solvent, such as 
MeOH or 1,4-dioxane, and an aq. base solution, such as of potassium carbonate 
15 or lithium hydroxide, is added. The reaction mixture is stirred at rt for 1-24 h and 
then worked up. 

In step 4, the product from step 3 is dissolved in an appropriate solvent, 
such as CH 2 CI 2 , and cooled to between 0 X and -78 X. The resulting solution is 
combined with a tertiary amine base and a suitable acylating or sulfonylatihg 
20 agent such as TFAA or Tf 2 0. The reaction is allowed to proceed at a temperature 
between -78 X and rt for 1-24 h. The reaction is then worked up and the crude 
product purified by sgc. 

In step 5, the product from step 4 is dissolved in an appropriate solvent, 
such as MeOH, and a suitable catalyst, such as palladium hydroxide on carbon, is 
25 added. The reaction mixture is exposed to a hydrogen atmosphere (ambient 
pressure to 60 psi) for 1-24 h, and then worked up. The product is isolated and 
purified by sgc or PTLC. 

For the preparation of some compounds, step 2 may be omitted. 
If the electrophile in step 2 is a disulfide, the product of step 2 is dissolved 
30 in an appropriate solvent, such as CH 2 CI 2 , treated with an oxidant such as 
MCPBA, and the reaction mixture stirred for 1-24 h between 0 X and rt. The 
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reaction is then worked up. The product is isolated, purified by sgc, and then 
used in step 3. 

If the electrophile in step 2 is elemental sulfur, the product of step 2 is 
treated with a base, such as sodium hydride, in a suitable solvent, such as THF. 

5 An appropriate electrophile is added, and the reaction mixture is stirred at 0 °C to 
rt for 1-24 h, then worked up, and the product isolated. This product is then 
dissolved in an appropriate solvent, such as CH 2 CI 2 , treated with an oxidant such 
as MCPBA, and the reaction mixture stirred for 1-24 h between 0 °C and rt. The 
reaction is then worked up. The product is isolated, purified by sgc, and then 

10 used in step 3. 

Optionally, step 2 may be postponed and carried out immediately following 
step 4 of the synthetic sequence. 
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General Scheme II 
Preparation of 4-Fluoro- and 4-Alkylpiperidine Compounds 
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Descri ption of reaction Scheme II 

In step 1 , a solution of a dialkyl dicarbonate in an appropriate solvent, such 
5 as CH2CI2, is added to a solution of an alkyl isonipecotate in the same solvent. 
The reaction is allowed to proceed at 0 °C to rt for 2-24 h, then worked up, and 
the product purified by sgc. 

In step 2, a solution of the product from step 1 in an appropriate solvent, 
such as THF, is added to a solution of a base, such as LDA, in the same solvent 
1 0 and allowed to react at -78°C to 0 °C for 0.5-2 h. A suitable electrophile is added 
and the reaction is allowed to proceed for 2-24 h between 0 °C and rt. The 
reaction is worked up, and the product is isolated and purified by sgc. 

In step 3, the product from step 2 is acidified, such as with a solution of 
hydrogen chloride in 1,4-dioxane, and stirred at rtfor 1-24 h. The solvent is then 
1 5 removed by evaporation. 
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In step 4, the product from step 3 is dissolved in CH 2 CI 2 a tertiary amine 
base added, and the resulting solution cooled to 0 °C. A solution of an 
appropriate arenesulfonyl chloride in CH 2 CI 2 is added. The reaction mixture is 
stirred at 0 °C to rt for 2-24 h, then worked up. The product is isolated and purified 
5 by sgc. 

In step 5, the product from step 4 is allowed to react with a methanolic 
ammonia solution at rt for 2-48 h. The resulting product is isolated by evaporation 
of the solvent. 

In step 6, a reducing agent, such as borane-methyl sulfide complex, is 
10 added to a suspension of the product from step 5 in an appropriate solvent, such 
as THF. The reaction is allowed to proceed for 1-24 h between room and reflux 
temperatures. The reaction is quenched with acid, worked up, and the product 
isolated. 

In step 7, the product from step 6 is dissolved in CH 2 CI 2 a tertiary amine 
1 5 base added, and the resulting solution cooled to 0 °C. A solution of an 

arenesulfonyl chloride in CH 2 CI 2 is added. The reaction mixture is stirred at 0 °C 
to rt for 2-24 h, and then worked up. The product is isolated, and optionally 
purified by sgc. 

The product of step 7 can be converted to the final product via sequences 
20 presented in General Scheme I. 
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Alternate Scheme II 




The product of step 7 can be accessed via an alternative five-step route 
5 starting with an appropriately protected 4-cyanopiperidine derivative. In step 1 of 
the alternative pathway, dissolution of the 4-cyanopiperidine derivative in a 
suitable solvent, such as THF, is followed by sequential treatment with a base, 
such as LDA, and an electrophile. The reaction mixture is stirred for 2-24 h 
between -78 °C and rt. The reaction is worked up and the product is isolated and 

10 purified by sgc. 

In step 2, the product of step 1 is combined with a suitable catalyst, for 
example rhodium on alumina, in methanolic ammonia solution and exposed to 
hydrogen atmosphere between ambient and 60 psi pressure. The reaction 
mixture is filtered, worked up, and the product isolated. 

15 In step 3, the product from step 2 is dissolved in an appropriate solvent, 

such as CH2CI2, and cooled to between 0 °C and -78 °C. The resulting solution is 
combined with a tertiary amine base and a suitable acylating or sulfonylating 
agent such as TFAA or TfaO. The reaction is allowed to proceed at a temperature 
between -78 °C and rt for 1-24 h. The reaction is then worked up and the crude 

20 product purified by sgc. 

In step 4, the product from step 3 is acidified, such as with a solution of 
hydrogen chloride in 1 ,4-dioxane, and stirred at rt for 1-24 h. The solvent is then 
removed by evaporation. 
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In step 5, the product from step 4 is dissolved in CH 2 CI 2 , a tertiary amine 
base added, and the resulting solution cooled to 0 °C. A solution of an 
arenesulfonyl chloride in CH 2 CI 2 is added. The reaction mixture is stirred at 0 °C 
to rt for 2-24 h, and then worked up. The product is isolated, and optionally 
purified by sgc. 

The product of step 5 can be converted to the final product via sequences 
presented in General Scheme tr 

General Scheme III 
Preparation of 4-Cyclopropylpiperidine Compounds 
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Description of reaction Scheme III 
10 In step 1 , benzyl chloride is allowed to react with diethanolamine in a 

suitable solvent, such as EtOH, for 68 h at an appropriate temperature. 

Subsequent treatment with thionyl chloride, in an appropriate solvent, such as 1 ,2- 

dichloroethane, affords the protected amino-dichloride. 

In step 2, the dichloride, dissolved in an appropriate solvent such as THF, 
15 is .treated with the anion generated by treatment of cyclopropylacetonitrile with a 

suitable base such as sodium bis(trimethylsilyl)amide. The reaction is allowed to 



WO 03/042174 



PCT/US02/36185 



25 

proceed at 0 °C for 3 h, then worked up, and the resulting cyanopiperidine is 
purified by sgc. 

In step 3, the product of step 2 is dissolved in an appropriate solvent, such 
as methanolic ammonia, and combined with a suitable catalyst, such as Raney 
5 Nickel. The reaction mixture is pressurized with hydrogen gas (typically 20-50 psi) 
and agitated for an appropriate length of time. The solution is filtered and the 
reaction is worked up. The resulting amine is purified by sgc. 

In step 4, the product of step 3 and an appropriate tertiary amine base are 
dissolved in an appropriate solvent such as CH 2 CI 2 and treated with a suitable 
10 electrophile. The reaction is allowed to proceed between -78 °C and rt for 1-24 h. 

In step 5, the product of step 4 is dissolved in an appropriate solvent such 
as CH2CI2 or dichloroethane, and combined with an appropriate chlorocarboxylate 
reagent. The reaction is allowed to proceed for 1-72 h at a temperature between 
rt and 80 °C, then worked up, and the product purified by sgc. 
15 In step 6, the product of step 5 and an appropriate tertiary amine base are 

dissolved in an appropriate solvent such as CH2CI2 and treated with a suitable 
arenesulfonyl chloride. The reaction is allowed to proceed between 0 °C and rt for 
1-24 h, and is then worked up and the product is purified by sgc. 

In step 7, the product from step 6 is dissolved in a suitable solvent, such as 
20 THF, and cooled to -78 °C. n-BuLi is added, and the resulting dianion solution is 
stirred for 30 min, then treated with an appropriate electrophile, such as a dialkyl 
dicarbonate, a sulfonyl fluoride, or a disulfide. The reaction is allowed to proceed 
at -78 °C to rt for 3-24 h, then worked up, and the product is purified by sgc. If a 
disulfide is used as the electrophile, the product is oxidized with MCPBA in 
25 CH2CI2. 
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General Scheme IV 
Preparation of 4-Hydroxy- and 4-Alkoxypiperidine Compounds 




Description of reaction Scheme IV 
In step 1, 1-f-butoxycarbonyl-4-methylenepiperidine is stirred in a solution 
of TFA and CH 2 CI 2 for 1-24 h. Removal of the solvent gave crude 4- 
methylenepiperidine. This crude product is then dissolved in CH 2 CI 2 a tertiary 
5 amine base added, and the resulting solution cooled to 0 °C. A solution of 

arenesulfonyl chloride in CH 2 CI 2 is added. The reaction mixture is stirred at 0 °C 
to rt for 3-24 h, worked up, and the product purified by sgc. 

In step 2, the product from step 1 is dissolved in a suitable solvent, such as 
THF, and cooled to -78 °C. n-BuLi is added, and the resulting dianion solution is 
10 stirred for 30 min and then treated with an appropriate electrophile. The reaction is 
allowed to proceed at -78 °C to rt for 3-24 h further, then worked up, and the 
product is purified by sgc. 

In step 3, the product from step 2 is dissolved in CH 2 CI 2 and an oxidant 
such as MCPBA is added. The reaction mixture is stirred at 0 °C to rt for 1-24 h, 
15 then worked up, and the crude product purified by sgc. 

In step 4, the product from step 3 is dissolved in a suitable solvent system, 
such as dioxane and water, and solid sodium azide is added. The reaction is 
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carried out for 2-24 h at rt to reflux temperature of the solvent. The reaction is 
worked up and the resulting product can be used without further purification. 

In step 5. the product from step 4 is dissolved in an appropriate solvent 
such as THF. A suitable base, such as sodium hydride, and electrophile are 
5 added successively. The reaction mixture is stirred at rt for 1-24 h, and then 
worked up, and the crude product purified by sgc. 

— In step 6fthe prodoctTromstep 5 is dissolved™ an appropriate solvent 

system, such as THF and water, and a reductant, such as triphenylphosphine, is 
added. The resulting mixture is stirred at rt for 2-24 h. The reaction is worked up 

1 0 and the product can be purified by sgc. 

In step 7, the product from step 6 is dissolved in an appropriate solvent, 
such as CH 2 CI 2 , and cooled to -78 °C. The resulting solution is combined with a 
tertiary amine base and a suitable acylating or sulfonylating agent such as TFAA 
or Tf 2 0. The reaction is allowed to proceed at -78 °C to rt for 1-24 h, before being 

1 5 worked up and the crude product purified by sgc. 

Alternatively, the product from step 4 can be dissolved in an appropriate 
solvent system, such as THF and water, and a reductant, such as 
triphenylphosphine, is added. The resulting mixture is stirred at rt for 2-24 h. The 
reaction is worked up and the product can be purified by sgc. Subsequently, this 

20 purified product can be dissolved in an appropriate solvent, such as CH2CI2, and 
cooled to -78 °C. The resulting solution is combined with a tertiary amine base 
and a suitable acylating or sulfonylating agent such TFAA or Tf 2 0 is added. The 
reaction is allowed to proceed at -78 °C to rt for 1-24 h, before being worked up 
and the crude product purified by sgc. 
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General Scheme V 
Preparation of A/-(lndolylsulfonyl)piperidine Compounds 




Description of reaction Scheme V 
In step 1, indole is dissolved in a suitable solvent, such as THF, and cooled 
to -78 °C. An appropriate base, such as n-BuLi, is added and reaction mixture is 
5 stirred for 1 5-30 min. A solution of an appropriate electrophile, such as 2- 
fluorobenzenesulfonyl chloride, in THF is added, and the reaction is allowed to 
proceed at -78 °C to rt for 2-24 h. The reaction is worked up and the product 
purified by sgc. 

In step 2, the product from step 1 is dissolved in a suitable solvent, such as 
10 THF, and cooled to -78 °C. n-BuLi is added, and the resulting solution is stirred 
for 30-60 min and then treated with an appropriate electrophile such as sulfur 
dioxide. The reaction mixture is concentrated to minimal volume, and hexanes is 
added. The resulting precipitate is then washed and taken up in an appropriate 
solvent, such as CH 2 CI 2 . A chlorinating agent, such as NCS, is added and the 
15 reaction mixture is stirred at rt for 2-24 h at rt. The reaction is worked up, and the 
product is purified by sgc. 

In step 3, the product from step 2 is dissolved in a suitable solvent, such as 
CH 2 CI 2 , and added to a solution of a tertiary amine base and an appropriately 
protected and optionally substituted secondary amine in the same solvent. The 
20 reaction is allowed to proceed at rt for 2-24 h , then worked up, and the product 
purified by sgc or PTLC. 
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General Scheme Va 
Preparation of N-(lndolylsulfonyl)piperidine compounds 




Et 3 N 



2 R 3 R 4 

5 Description of reaction Scheme Va 

In step 1, indole derivative is dissolved in a suitable solvent, such as DMF, 
THF and cooled to 0 °C. An appropriate base, such as NaH, is added and the 
reaction mixture is stirred for 15 min. A solution of an appropriate electrophile, 
such as 2-fluorophenyl disulphide, is added, and the reaction is allowed to 
10 proceed at r.t for 2-24 h. The product may be purified via sgc or crystallization. 

In step 2, the product from step 1 is dissolved in a suitable solvent, such as 
DMF, THF. An appropriate base, such as NaH, is added and the reaction mixture 
is stirred for 15 min. A solution of an appropriate electrophile, such as 
iodomethane, is added, and the reaction is allowed to proceed at r.t. for 2-24 h. 
1 5 The product may be purified via sgc or crystallization. 

In step 3, the product from step 2 is dissolved in THF, cooled in a dry 
ice/lPA bath and treated with LDA. The resulting anion is trapped with S0 2 gas 
followed by reacting with NCS. The product may be purified via chromatography 
or crystallization. 

20 In step 4, the product from step 3 is dissolved in a suitable solvent, such as 

CHaCb, and added to a solution of a tertiary amine and an appropriately protected 
and optionally substituted secondary amine in the same solvent. The reaction is 
allowed to proceed at rt for 2-24h. The product may be purified via sgc or 
crystallization. 
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General Scheme VI 
Preparation of W-(lndolylcarbonyl)piperidine Compounds 



^N A C0 2 H HOBT, EDCI T 2. PhC(=NOBoc)CN ^N^^ 
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R 3 R 4 
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n-Bu 4 N* HS0 4 ~ 
R^R 4 

Boc 



r1 .l 1 o ch 2 « 2 r1 a 1 o 

5 Description of reaction Scheme VI 

In step 1 , indole-2-carboxylic acid and an appropriately protected, 
optionally substituted piperidine derivative are dissolved in a suitable solvent, such 
as CH 2 CI 2 . HOBT, EDCI, and a tertiary amine base are added successively, and 
the reaction is allowed to proceed at rt for 2-24 h. The reaction is worked up and 
1 0 the product purified by sgc. 

In step 2, the product from step 1 is dissolved in an alcoholic solvent, and 
aq. base is added. The reaction is allowed to proceed at rt for 2-24 h before being 
worked up. The product can be used without purification. 

In step 3, the product from step 2 is dissolved in an appropriate solvent 
15 system, such as THF and CH 2 CI 2 . BOC-ON and a catalytic amount of DMAP are 
added and the reaction is allowed to proceed at rt for 2-24 h. The reaction is then 
worked up and the crude product purified by sgc or PTLC. 

In step 4, the product from step 3 is dissolved in CH 2 CI 2 . An aq. base 
solution, such as sodium hydroxide, and a phase transfer catalyst, such as 
20 tetrabutylammonium hydrogen sulfate, are added successively and the resulting 
mixture is stirred at rt for 2-24 h. After work-up, the crude product can be purified 
by sgc or PTLC. 
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10 



In step 5, the product from step 4 is stirred in a solution of TFA and CH2CI2 
for 1-24 h. The solvent is evaporated, and the resulting product can be used 
without further purification. 

In step 6, the product from step 5 is dissolved in an appropriate solvent, 
such as CH2CI2, and cooled to between 0 °C and -78 °C. The resulting solution is 
combined with a tertiary amine base and a suitable acylating or sulfonylating 
agent such as TFAA or Tf 2 0. The reaction is allowed to proceed at a temperature 
between -78 °C and rt for 1-24 h. The reaction is then worked up and the crude 
product purified by sgc. 

General Scheme VII 
Preparation of N-Ary I methyl piperidine Compounds 



1. LAH 
X-A-C0 2 Et »~ 

2. Mn0 2 
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15 



R \ rA *CHO 



1. HN^ 1 



,TiCl4,Et 3 N 



CF 3 



2. NaBH 3 CN 




1. base, solvent 

2. R 6 -L 3 -LG, Et 3 N 




Description of reaction Scheme VII 
In step 1 , an ester, such as ethyl indole-2-carboxylate, and lithium 
aluminum hydride are stirred at 0 °C to rt for 30 min. The reaction is quenched 
with water and aq. sodium hydroxide prior to work-up. The isolated alcohol 
intermediate is dissolved in a suitable solvent, such as CH 2 CI 2 , and an appropriate 
oxidant, such as manganese dioxide is added. The reaction mixture is stirred at rt 
for. 0.5-4 h, then worked up, and the product purified by sgc. 
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In step 2, the product from step 1 is dissolved in CH 2 CI 2 . An aq. base 
solution, such as sodium hydroxide, and a phase transfer catalyst, such as 
tetrabutylammonium hydrogen sulfate, are added successively and the resulting 
mixture is stirred at rt for 2-24 h. After subsequent work-up, the crude product can 
5 be purified by sgc. 

In step 3, the product of step 2 is combined with a suitably protected, 
optionally substituted 4-aminomethylpiperidine derivative in an appropriate solvent 
such as CH 2 CI 2 . A Lewis acid, such as titanium tetrachloride, and a tertiary amine 
base are added and the reaction mixture is stirred for 2-24 h at rt. A reducing 
10 agent, such as sodium cyanoborohydride, is added, and the reaction is allowed to 
continue for a further 2 h. The reaction is worked up and the crude product is 
purified by sgc or PTLC. 

In step 4, the product of step 3 is dissolved in a suitable solvent, such as 
1,4-dioxane, and an aq. base solution, such as of lithium hydroxide, is added. 
15 The reaction mixture is stirred at rt for 1-24 h and then worked up. 

In step 5, the product from step 4 is dissolved in an appropriate solvent, 
such as CH 2 CI 2 , and cooled to between 0 °C and -78 °C. The resulting solution is 
combined with a tertiary amine base and a suitable acylating or sulfonylating 
agent such as TFAA or Tf 2 0. The reaction is allowed to proceed at a temperature 
20 between -78 °C and rt for 1-24 h. The reaction is then worked up and the crude 
product purified by sgc. 

General Scheme VIII 
Preparation of A-^'-sulfonamido-^-propylJpiperidine ("gem-Dimethyl") 

Compounds 




WO 03/042174 



PCTAJS02/36185 



33 

Description of reaction Scheme VIII 

In step 1 , methylcerium is prepared by the combination of anhyd. 

cerium(lll) chloride and methyllithium in an appropriate solvent, such as THF. A 

solution of a protected 4-cyanopiperidine derivative is added and the reaction is 

5 allowed to proceed at -78 °C for 2-24 h. The reaction is quenched and worked 

up, and the product isolated. 

In step 2, the product from step 1 is dissolved in an appropriate solvent, 

such as CH 2 CI 2 , and cooled to between 0 °C and -78 °C. The resulting solution is 

combined with a tertiary amine base and a suitable acylating or sulfonylating 

1 0 agent such as TFAA or Tf 2 C The reaction is allowed to proceed at a temperature 

between -78 °C and rt for 1-24 h. The reaction is then worked up and the crude 

product purified by sgc. 

In step 3, the product from step 2 is acidified, such as with a solution of 

hydrogen chloride in 1,4-dioxane, and stirred at rt for 1-24 h. The solvent is then 

1 5 removed by evaporation. 

The product from step 3 is converted to the final product according to the 

procedure outlined in General Scheme I. 

General Scheme IX 
Preparation of p-(Difluoromethoxy)benzenesulfonyl Piperidine 

Compounds 
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Description of reaction Scheme IX 
In step 1 , a functionalized aryl methyl ether, prepared via the method 
described by General Scheme I, is dissolved in an appropriate solvent, such as 
CHaCb, and a Lewis acid, such as boron tribromide, is added. The reaction 
5 mixture is stirred for 2-24 h between -78 °C and rt, then worked up, and the 
product isolated. 

l7Tsfe~p^;1he product of"Step^1~isijissolvedimsrpotar solventrsuctras- 
DMF, and combined with an appropriate base, such as cesium carbonate, 
Bromodifluoromethane gas is introduced, and the reaction is allowed to proceed 
10 at rt to 90 °C for 2-24 h. The reaction is quenched, and the product is isolated 
and purified by sgc. 

General Scheme X 

Conversion of f-Butyl Ester Compounds to Other Secondary and Tertiary Esters 





F 



15 

Description of reaction Scheme X 
In step 1, a functionalized f-butyl benzoate derivative, prepared via the 
method described by General Scheme I, is dissolved in an appropriate solvent 
such as CH 2 CI 2 and acidified, such as with TFA. The reaction mixture is stirred at 
20 rt for 1-24 h, then worked up, and the product isolated. 

In step 2, the product from step 1 is combined with pentafluorophenol and 
EDpl in an appropriate solvent, such as CH 2 CI 2 . The reaction is stirred at rt for 2- 
24 h, then worked up. The product is isolated and purified by sgc. 
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In step 3, an alcohol Is added to a suspension of a base, such as sodium 

hydride, in an appropriate solvent, such as DMF. The product from step 2 is then 

added and the resulting mixture is stirred at rt to 60 °C for 2-24 h. The reaction is 

worked up, the product isolated, and then purified by sgc. 

General Scheme XI 
5 Preparation of o-Amidobenzenesulfonyl Piperidine Compounds 

V^S0 2 a Et 3 N.CH 2 a 2 2.R^.L6. 
io 2 N0 2 ° 2 Et 3 N.CH 2 a 2 

2 R 3 R 4 , o2 R 3 R 4 3 R* ,5 

>* ! ~v 

Description of reaction Scheme XI 
In step 1, a suitably protected and optionally functionalized 4- 
1 0 (aminomethyl)piperidine derivative is dissolved in CH 2 CI 2 a tertiary amine base 
added, and the resulting solution cooled to 0 °C. A solution of 2- 
nitrobenzenesulfonyl chloride in CH 2 CI 2 is added. The reaction mixture is stirred 
at 0 °C to rt for 2-24 h, worked up, and the product isolated. 

In step 2, the product of step 1 is dissolved in a suitable solvent, such as 
1 5 MeOH, and an aq. base solution, such as of lithium hydroxide, is added. The 
reaction mixture is stirred at rt for 1-24 h and then worked up and the product 
isolated. 

In step 3, the product from step 2 is dissolved in an appropriate solvent, 
such as CH 2 CI 2 , and cooled to between 0 °C and -78 °C. The resulting solution is 
20 combined with a tertiary amine base and a suitable acylating or sulfonylating 

agent such as TFAA or Tf 2 0. The reaction is allowed to proceed at a temperature 
between -78 °C and rtfor 1-24 h. The reaction is then worked up and the crude 
product purified by sgc. 
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In step 4, the product from step 3 is dissolved in an appropriate solvent, 
such as MeOH, combined with cone, hydrochloric acid and a suitable catalyst, 
such as 10% palladium on carbon, and shaken under hydrogen atmosphere 
(ambient pressure to 60 psi) for 1-24 h. The reaction mixture is filtered and 

5 worked up prior to product isolation. 

In step 5, the product from step 4 is dissolved in an appropriate solvent, 
such as CH 2 CI 2 , and cooled to between 0 °C and -78 °C. The resulting solution is 
combined with a tertiary amine base and a suitable acylating or sulfonating 
agent such as cyclopentanecarbonyl chloride. The reaction is allowed to proceed 

10 at a temperature between -78 °C and rt for 1 -24 h. The reaction is then worked 
up and the crude product purified by sgc. 

General Scheme XII 
Preparation of 5-Aryl Thiophenesulfonyl Piperidine Compounds 

HN^ " >V^N' LT R 8 



p^m ru*nu Br S 5 



XX 

Br^S^S0 2 CI Et 3 N,CH 2 Cl2 Br ' s ' "| 2 



R 2 . R3 V R4 ,3 



Pd(PPh 3 ) 4 R S § 2 

Description of reaction Scheme XII 
15 In step 1 , a suitably protected and optionally functionalized 4- 

(aminomethyl)piperidine derivative is dissolved in CH 2 CI 2 , a tertiary amine base 
added, and the resulting solution is cooled to 0 °C. A solution of 5- 
bromothiophene-2-sulfonyl chloride in CH 2 CI 2 is added. The reaction mixture is 
stirred at 0 °C to rt for 2-24 h, worked up, and the product isolated. 
20 In step 2, the product from step 1 is combined with a suitable catalyst, such 

as tetrakis(triphenylphosphine)palladium(0), in a suitable solvent, such asTHF. 
An aq. solution of base, such as potassium carbonate, is added, followed by an 
appropriate boronic acid, such as phenylboronic acid. The reaction mixture is 
stored for 2-24 h between rt and reflux temperature. The reaction is then worked 

1 

25 up. » The product is isolated and purified by sgc or PTLC. 
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General Scheme XIII 
Preparation of 5-f-Butyl Thiophenesulfonyl Piperidine Compounds 




Description of reaction Scheme XIII 
In step 1, a solution of thiophene and f-butyl bromide in an appropriate 
solvent, such as CH 2 CI 2 is added slowly to a suspension of a Lewis acid, such as 
aluminum trichloride, in the same solvent The reaction mixture is stirred for 2-24 
h between -78 °C and rt, then worked up. The product is isolated and purified by 
distillation. 

In step 2, the product from step 1 is dissolved in an appropriate solvent, 
such as CH 2 CI 2 , and the solution added slowly to an ice-cold solution of 
chlorosulfonic acid in the same solvent. The reaction is allowed to proceed at 0 
°C for 30 min, and is then quenched and the product isolated. 

The product from step 2 is converted to the final product via the procedure 
presented in General Scheme 1. 

Those skilled in the art will appreciate that similar reactions to those 
described in the above schemes may be carried out on other compounds of 
formula I. Starting materials for the above processes are either commercially 
available, known in the art, or prepared by procedures well known in the art. 
Exemplary compounds of the present invention are set forth below in Table I. 
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CB=covalent bond 



* (4 3 and R 4 taken together form a carbonyl group (C=0). 
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In a preferred embodiment, representative compounds of the present 
invention, or a pharmaceutically acceptable salt of the compounds set forth in 
Table 2 below: 
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Spectral Data for selected Compounds in Table 2 

Compound A 

1 H NMR (300 MHz, CDCI 3 ) 57.77 (d, J = 8.4 Hz, 1 H), 7.56 (dd, J = 8.4, 2.4 Hz, 
5 1 H), 7.46 (d, J = 2.4 Hz, 1 H), 5.20 (t, J = 6.3 Hz, 1 H), 4.05 (s, 2H), 3.90 (br d, J = 
12.3 Hz, 2H), 3.19 (t, J = 6.6 Hz, 2H), 2.59 (dd, J = 12.3, 2.4 Hz, 2H), 1 .81 (br d, J 
= 12.6 Hz, 2H), 1.52-1.68 (m, 1H), 1.20-1.40 (m, 2H), 1.01 (s, 9H). 
Compound C 1 H NMR (300 MHz, CDCI 3 ) 57.75 (d, J = 7.2 Hz, 1 H), 7.60 (dd, J = 
7.2, 2.1 Hz, 1H), 7.44 (d. J = 2.1 Hz, 1H), 5.19 (t, J = 6.3 Hz, 1H), 3.85 (d, J= 12.3 

10 Hz, 2H), 3.19 (t, J = 6.3 Hz, 2H), 2.55 (td, J = 12.3, 2.4 Hz, 2H), 2.04 (s, 6H), 1 .80 
(br d, J= 12.9 Hz, 2H), 1.52-1.72 (m, 1H), 1.22-1.44 (m, 2H). 
Compound D 1 H NMR (300 MHz, CDCI 3 ) 57.77 (d, J = 7.8 Hz, 1H), 7.50-7.65 (m, 
2H), 7.44 (dd, J = 7.8, 1.2 Hz, 1H), 5.15 (t, J = 6.0 Hz, 1H), 3.95 (br d, J = 12.0 
Hz, 2H), 3.17 (t, J = 6.3 Hz, 2H), 2.56 (t, J = 12.0 Hz, 2H), 1 .80 (d, J = 1 2.0 Hz, 

1 5 2H), 1 .61 (s, 9H), 1 .49-1 .72 (m, 1 H), 1 .22-1 .42 (m, 2H). 

Compound E 1 H NMR (300 MHz, CDCI 3 ) 57.73 (d, J = 8.6 Hz, 1H), 7.50 (dd, J = 
8.6, 2.1 Hz, 1 H), 7.41 (d, J = 2.1 Hz, 1 H), 4.95 (t, J = 6 Hz, 1 H), 3.93 (br d,J = 
12.3 Hz, 2H), 3.18 (t, J = 6.3 Hz, 2H), 2.59 (td, J= 12.3, 2.4 Hz, 2H), 1.82 (brd, J 
= 12.6 Hz, 2H), 1.61 (s, 9H), 1.19-1.42 (m, 3H). 

20 Compound F 

1 H NMR (300 MHz, CDCI 3 ) 57.72 (d, J = 8.4 Hz, 1H), 7.50 (dd, J = 8.4, 2.3 Hz, 
1H}, 7.41 (d, J = 2.3 Hz, 1H), 4.26 (t, J = 6.3 Hz, 1 H), 3.92 (br d, J = 12.4 Hz, 2H), 
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3.03 (t, J = 6.3 Hz, 2H), 2.96 (s, 3H), 2.59 (td, J = 12.4, 2.3 Hz, 2H), 1 .83 (br d, J = 
12.6 Hz, 2H), 1.61 (s, 9H), 1.50-1.64 (m, 1H), 1.22-1.42 (m, 2H). 
Compound G 

1 H NMR (300 MHz, CDCI 3 ) £7.74 (d, J = 8.4 Hz, 1H), 7.51 (dd, J = 8.4, 2.1 Hz, 
5 1H), 7.42 (d, J = 2.1 Hz, 1H), 5.15 (m, 1H), 4.22 (quint, J = 2.4 Hz, 1H), 3.90 (br d, 
J = 12.6 Hz, 2H), 3.17 (d, J = 6.6 Hz, 2H), 2.57 (dd, J = 12.6, 2.4 Hz, 2H), 1.81 (br 
d, J = 12.9 Hz, 2H), 1.34-1.74 (m, 9H). 

Compound H 1 H NMR (300 MHz, CDCI 3 ) £7.74 (d, J = 8.4 Hz, 1 H), 7.53 (dd, J = 

8.4, 2.1 Hz, 1H), 7.44 (d, J= 2.1 Hz, 1H), 5.18-5.34 (m, 2H), 3.90 (br d, J - 12.6 
10 Hz, 2H), 3.17 (d, J = 6.6 Hz, 2H), 2.57 (dd, J= 12.6, 2.4 Hz, 2H), 1.81 (br d, J = 

12.9 Hz, 2H), 1.49-1.68 (m. 1H), 1.39 (d, J = 6.3 Hz, 6H), 1.20-1.40 (m, 2H). 
Compound J 1 H NMR (300 MHz, CDCI 3 ) £8.10-8.24 (m, 2H), 8.00 (d, J = 9Hz, 
1H), 7.54-7.66 (m, 1H), 7.37(t, J = 9 Hz, 1H), 7.17-7.22 (m, 1H); 7.06-7.07 (m, 
1H); 4.30-4.48 (m, 1H); 3.98 (s, 3H); 3.90-3.98 (m, 2H); 2.97-3.04 (m, 2H); 2.95 
1 5 (s, 3H); 2.60-2.76 (m, 2H); 1 .72-1 .86 (m, 2H); 1 .50-1 .70 (m, 1 H); 1 .20-1 .38 (m, 
2H) 

Compound L 1 H NMR (300 MHz, CDCI 3 ) £8.22 (t, J = 2.7 Hz, 1H), 7.97 (td, J - 
7.7, 1 .8 Hz, 1 H), 7.90 (d, J = 8.7 Hz, 1 H), 7.38-7.48 (m, 1 H), 7.31 (dd, J = 8.7, 2.4 
Hz, 1H), 7.18 (td, J = 6.6, 1.2 Hz, 1H), 6.91 (td, J = 8.8, 1.2 Hz, 1H), 6.31 (t, Jh-f = 
20 54 Hz, 1H), 4.41 (t, J = 6.3 Hz, 1H), 3.79 (d, J = 12.9 Hz, 2H), 2.83 (t, J = 6.6 Hz, 
2H), 2.77 (s, 3H), 2.56 (td, J = 12.9, 2.4 Hz, 2H), 1.63 (br d, J = 10.8 Hz, 2H), 
1.38-1.57 (m, 1H), 1.02-1.20 (m, 2H). 
Compound M 

1 H NMR (300 MHz, CDCI 3 ) £8.52 (s, 1H), 8.07-8.21 (m, 2H), 7.57-7.68 (m, 2H), 
25 7.38 (t, J = 7.5 Hz, 1H), 7.09 (t, J = 8.4 Hz, 1H), 4.58 (t, J = 6.3 Hz, 1H), 4.00 (d, J 
= 12.7 Hz, 2H), 3.02 (t, J = 6.7 Hz, 2H), 2.98 (s, 3H), 2.78 (t, J - 12.7 Hz, 2H), 
1.82 (brd, J= 10.2 Hz, 2H), 1.18-1.40 (m, 3H). 

Compound N 1 H NMR (300 MHz, CDCI 3 ) £8.22 (t, J = 2.4 Hz. 1H), 7.99 (td, J = 

7.5, 1 .5 Hz, 1 H), 7.90 (d, J = 8.7 Hz, 1 H), 7.38-7.45 (m, .1 H), 7.30 (dd, J = 8.7, 1 .8 
30 Hz, 1 H), 7.1 5 (td, J =7.8, 2.4 Hz, 1 H), 6.90 (td, J =9.6, 1 .0 Hz, 1 H), 6.55 (t, Jh-f = 

72 Hz. 1H), 4.32 (t, J = 6.6 Hz, 1H), 3.78 (d, J = 12.5 Hz, 2H). 2.78-2.90 (m, 4H), 



i 
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2.55 (td, J = 12.5, 2.1 Hz, 2H), 1.63 (br d, J - 10.8 Hz, 2H), 1.38-1.54 (m, 1H), 
1.17 (t, J =7.2 Hz, 3H), 1.00-1.20 (m, 2H). 
Compound Q 

1 H NMR (300 MHz, CDCI 3 ) 58.96 (s, 1 H), 8.21 (d, J = 7.5 Hz, 1 H), 8.17 (d, J = 7.5 
5 Hz, 1H), 8.02 (d, J = 7.5 Hz, 1H), 7.58-7.69 (m, 1H), 7.32-7.42 (m, 1H), 7.09 (t, J = 
7.8 Hz, 1H), 6.33 (br s, 1H), 4.02 (br d, J = 12.1 Hz, 2H), 3.30 (t, J = 6.5 Hz, 2H), 
2.80 (t, J= 12.1 Hz, 2H), 1.66-1.83 (m, 3H), 1.20-1.42 (m, 2H). 
Comound AK 1 H NMR (300 MHz, CDCI 3 ) 57.71 (d, J = 8.3 Hz, 1H), 7.49 (dd, J = 
8.7 Hz, 2.1 Hz, 1H), 7.39 (d, J = 2.1 Hz, 1H), 4.37 (t, J = 5.7 Hz, 1H), 3.59 (m, 
10 2H), 3.13 (d, J = 4.9 Hz, 2H), 3.12 (s, 3H), 2.97 (s, 3H), 2.93 (m, 2H), 1.92 (m, 
2H), 1.60 (s, 9H), 1.57 (m, 2H). 

Compound AL 1 H NMR (300 MHz, CD 3 OD) 58.54 (t, J = 2 Hz, 1 H), 8.08 (td, J = 8, 
2 Hz, 1 H), 8.00 (d, J = 8 Hz, 1 H), 7.92 (dd, J = 8. 2 Hz, 1 H), 7.63-7.77 (m, 1 H), 
7.41 (t, J = 8 Hz, 1 H), 7.21 (t, J = 8 Hz, 1H), 3.30-3.42 (m, 2H), 3.1 0 (ddd, J =13, 
15 1 1 , 4 Hz, 2H), 2.83 (br s, 2H), 1 .48-1 .62 (m, 2H), 1 .23-1 .41 (m, 2H), 0.89 (s, 3H). 
Compound AM 

1 H NMR (300 MHz, CDCI 3 ) 58.66 (t, J = 2 Hz, 1H), 8.15 (td, J- 8, 2 Hz, 1H), 
8.02 (d, J = 8 Hz, 1H), 7.95 (dd, J = 8. 2 Hz, 1H), 7.57-7.66 (m, 1H), 7.36 (t, J = 

7.5 Hz, 1 H), 7.09 (t, J = 7.5 Hz, 1 H), 4.29 (t, J = 7 Hz, 1 H), 3.58 (ddd, J - 14, 6, 6 
20 Hz, 2H), 3.46 (d, J = 7.5 Hz, 1 H), 3.41 (d, J = 7.5 Hz, 1 H), 3.08 (ddd, J = 14, 1 1 , 4 

Hz, 2H), 2.96 (s, 3H), 1.52-1.62 (m, 2H), 1.21-1.36 (m, 2H), 0.98 (s, 3H). 
Compound AN 

1 H NMR (300 MHz, CDCI 3 ) 57.74 (d, J = 8 Hz, 1H), 7.54 (dd, J= 8, 2 Hz. 1H), 
7.41 (d, J = 2 Hz, 1 H), 5.10 (br s, 1 H), 3.52 (ddd, J =12, 6, 6 Hz, 2H), 3.04-3.14 
25 (m, 2H), 3.00 (ddd, J =12, 11, 4 Hz, 2H), 1 .61 (s, 9H), 1 .40-1 .62 (m, 4H), 0.97 (s, 
3H). 

Compound AO 1 H NMR (300 MHz, CDCI 3 ) 58.25 (d, J = 9.3 Hz, 1H), 8.03 (dt, J = 

1.6 Hz, 7.0 Hz, 1H), 7.64 (d, J = 8 Hz, 1H), 7.51-7.60 (m, 2H), 7.47 (b, 1H), 7.37 
(t, J = 7.7 Hz, 1 H), 7.28 (t, J = 7.7 Hz, 1 H), 7.05 (t, J = 9.6 Hz, 1 H), 5.6 (b, 1 H), 

30 3.95 (d, J = 1 3 Hz, 2H), 3. 1 9 (d, J = 6.6 Hz, 2H), 2.84 (t, J = 1 1 .5 Hz, 2H), 1 .81 
(d,^J = 13.3 Hz, 2H). 1.70 (m, 1H), 1.35 (dt, J = 4.0 Hz, 1 1.6 Hz, 2H) 
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Compound AP 1 H NMR (300 MHz. CDCI.O 57.71 (d, J = 9 Hz, 1 H), 7.00 (dd, J = 
9, 2.7 Hz, 1H), 6.88 (dd, J = 2.7 Hz, 1H), 5.16 (t, J = 6 Hz, 1H), 3.93 (br d, J = 12 
Hz, 2H), 3.90 (s, 3H), 3.19 (d, J = 6.3 Hz, 1H), 3.17 (d, J = 6.3 Hz, 1H), 2.56 (ddd, 
J = 12.3, 12.1, 2.4 Hz, 2H), 1.80 (brd, J = 11.7 Hz, 2H), 1.61 (s, 9H), 1.50-1.61 
5 (m, 1H), 1.22-1.41 (m,2H). 
Compound AQ 

1 H NMR (300 MHz, CDC! 3 ) 58.66 (t, J =2.4 Hz, 1 H), 8.07 (td, J = 8, 1 Hz, 1H), 
8.05 (d, J = 8.4 Hz, 1H), 7.74 (dd, J =8.4, 2.4 Hz, 1H), 7.59-7.68 (m, 1H), 7.37 (td, 
J =8, 1 Hz, 1H). 7.10 (td, J =8, 1 Hz, 1H), 5.07 (t, J = 6.3 Hz, 1H), 3.81-3.97 (m, 
10 2H), 3.45 (d, J= 6.3 Hz, 1H), 3.38 (d, J = 6.3 Hz, 1H), 3.11 (ddd, J = 10.5, 10.5, 3 
Hz, 2H), 1.97-2.07 (m, 2H), 1.62-1.88 (m, 2H). 

Compound AR 1 H NMR (300 MHz, CDCI 3 ) 57.71 (d, J = 8.7 Hz, 1H), 7.51 (dd, J 
=8.7, 2.1 Hz, 1H), 7.42 (d, J = 2.1 Hz, 1H), 5.16 (t, J = 6.8 Hz, 1H), 3.78-3.88 (m, 
2H), 3.44 (d, J = 6.8 Hz, 1 H), 3.37 (d, J = 6.8 Hz, 1 H), 2.94 (ddd, J =11. 2, 11 .2, 3 
1 5 Hz, 2H), 1 .97-2.07 (m, 2H), 1 .64-1 .89 (m, 2H), 1 .62 (s, 9H). 
Compound AS 

1 H NMR (300 MHz, CDCI 3 ) 58.69 (d, J = 2.1 Hz, 1H), 8.50-8.55 (m, 1H), 8.19 (d, 
J = 8 Hz, 1H), 8.02 (d, J = 8 Hz, 1 H), 7.94-8.05 (m, 1H), 7.77 (dd, J = 2.4, 8.0 Hz, 
1H), 7.45-7.55 (m, 1H), 5.13 (t, J = 6.6 Hz, 1H), 3.83-3.93 (m, 2H), 3.41 (dd. J = 

20 6.0, 20 Hz, 2H), 3.01-3.1 1 (m, 2H), 1 .83-2.05 (m, 2H), 1 .62-1 .85 (m, 2H) 

Compound AT 1 H NMR (300 MHz, CDCfe) 58.26 (d, J = 8.8 Hz, 1H), 8.04 (dt. J = 
1.8 Hz, 7.5 Hz, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.49-7.61 (m, 3H), 7.38 (t, J = 7.5 
Hz, 1H), 7.29 (t, J = 8.2 Hz, 1H), 7.06 (t, J = 8.9Hz, 1H), 5.43 (t, J = 6.3 Hz, 1H), 
3.87 (d, J = 15 Hz, 2H), 3.43 (dd, J = 6.3 Hz, 20 Hz, 2H), 3.2 (dt, J = 2.8 Hz, 12.3 

25 Hz, 2H), 2.0 (dt, J = 2.9 Hz, 12.1 Hz, 2H), 1 .80 (m, 2H). 

Compound AU 1 H NMR (300 MHz, CDCI 3 ) 58.58 (dd, J=1.2 Hz, J=1.2 Hz, 1H), 
8.05 (dd, J=8.4 Hz, J=1.15 Hz, 1H), 7.76 (dd, J=8.4 Hz, J=2.2 Hz, 1H), 7.48-7.6 
(m. 1H), 5.34 (t, J=6.5 Hz, 2 H), 3.9 (dt, J=13.7 Hz, J=2.5 Hz, 2H), 3.4 (dd, J=20.5 
Hz, J=6.3 Hz, 2H), 3.12 (dt, J=12.9 Hz, J=2.6 Hz, 2H), 2.04-1.91 (m, 2H), 1.88-1.6 

30 (m,2H). 

Compound AV 1 H NMR (300 MHz, CDCI 3 ) 58.66 (t, J = 2.3 Hz. 1H), 8.13 (m, 1H), 
8.02 (d, J = 8.4 Hz, 1H), 7.74 (dd, J = 8.3, 2.2 Hz, 1H), 7.61 (m, 1H), 7.36 (t, J = 



i 
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7.8 Hz, 1H), 7.09 (m, J = 9.5 Hz, 1H), 5.17 (b, 1H), 3.69 (m, 2H), 3.27 (d, J = 2.9 
Hz, 2H), 3.16 (s, 3H), 3.09 (m, 2H), 1.92 (m, 2H), 1.57 (m, 2H). 
Compound AW 1 H NMR (300 MHz, CDCI 3 ) 58.37 (s, 1H), 7.83 (d, J = 8.4 Hz. 
1H), 7.66 (dd, J = 2.1 Hz, 8.4 Hz, 1H), 7.50 (m, 1H), 7.40 (m, 1H), 7.25 (t. J = 8.0 
5 Hz, 1H), 7.16 (t, J = 8.7 Hz, 1H), 5.00 (b, 1H), 3.65 (m. 1H), 3.54 (m, 1H), 3.28 (t. 
J = 6.6 Hz, 2H), 3.14 (s, 3H), 2.88 (m, 2H). 1.94 (m, 2H), 1.60 (m, 2H). 
Compound AX 

1 H NMR (300 MHz, CDCI 3 ) 57.72 (d, J = 8.8 Hz, 1H), 7.49 (dd. J = 8.6 Hz, 2.1 Hz, 
1H), 7.39 (d, J = 2.1 Hz. 1H), 5.04 (d, 1H), 3.59 (m, 2H). 3.25 (s, 2H), 3.12 (s, 3H). 

10 2.94 (m, 2H), 1 .91 (m, 2H), 1 .59 (s. 9H), 1 .58 (m, 2H). 

Compound AZ 1 H NMR (300 MHz, CDCI 3 ) 5 8.52 (s, 1H), 8.15-8.25 (m, 2H), 7.82 
(d, J= 8.7 Hz, 1H), 7.56-7.71 (m, 1H), 7.32-7.50 (m, 1H), 7.02-7.19 (m. 1H). 5.07 
(s, 1H), 4.01 (br d, J = 12.9 Hz, 2H). 3.20 (t, J = 6.3 Hz. 2H), 2.79 (td, J = 12.9, 2.4 
Hz, 2H). 1.83 (s, 2H), 1.22-1.50 (m, 3H). 

15 Compound BB 1 H NMR (300 MHz. CDCI 3 ) 58.28 (dd. J = 1Hz. 8.6 Hz. 1 H), 8 (td, 
J = 2 Hz, 9 Hz, 2 H), 7.59 (td. J = 1 Hz, 8 Hz, 1 H), 7.52 (td. J = 1 .4 Hz. 8 Hz, 1 H). 
7.48 (d, J = 1 Hz, 1 H), 7.33 (dt, J = 1 .2 Hz, 7.7 Hz, 1 H), 6.86 (td, J = 2.2 Hz, 9.2 
Hz, 2 H), 5.17 (b. 1 H). 4.01 (d, J = 13 Hz. 2 H). 3.79 (s, 3 H), 3.23 (d, J = 7 Hz, 2 
H), 2.91 (dt, J = 2.6 Hz, 13 Hz, 2 H), 1.83 (d, J = 13 Hz, 2 H). 1.72 (m. 1 H). 1.41 

20 (dt,J = 3.5Hz, 13 Hz, 2 H) 

Compound BP 1 H NMR (300 MHz, CDCI3) 57.82 (d, J = 8.2 Hz, 1H), 7.37 (dd. J = 
8.2. 2.3 Hz. 1H), 7.23 (d. J= 2.3 Hz. 1H), 6.63 (br s, 1H), 3.92 (d, J= 12.4 Hz. 
2H). 3.24 (t, J = 6.3 Hz, 2H), 2.60 (td, J = 12.4. 2.3 Hz. 2H). 1 .78 (br d. J = 1 2.6 
Hz, 2H), 1.63 (s, 9H), 1.20-1.47 (m, 3H). 

25 Compound BE 1 H NMR (300 MHz, CDCI 3 ) 57.76 (d, J = 7.2 Hz, 1H), 7.61 (dd, J = 
7.2. 2.1 Hz. 1H). 7.44 (d. J= 2.1 Hz, 1H), 5.19 (t, J= 6.3 Hz, 1H), 3.89 (d, J= 12.3 
Hz. 2H), 3.18 (t. J = 6.3 Hz. 2H), 2.57 (td, J = 12.3, 2.4 Hz. 2H), 2.16 (s, 3H), 1.82 
(brd, J= 12.9 Hz, 2H). 1 .50-1 .71 (m, 1H), 1.20-1.41 (m, 2H). 
Compound DK 1 H NMR (300 MHz, CDCI 3 ) 58.68 (d, J = 2.26 Hz, 1H), 8.51 (m, 

30 1H). 8.18 (d, J = 7.9 Hz. 1H), 7.98 (m, 2H), 7.76 (dd, J = 8.4, 2.1 Hz, 1H), 7.48 (m. 
1HJ, 5.28 (b. 1H), 3.67 (m, 2H), 3.26 (s, 2H), 3.14 (s, 3H). 3.04 (m, 2H), 1.90 (m, 
2H>, 1.54(m,2H). 
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Compound DM 1 H NMR (300 MHz, CDCI 3 ) S 8.66 (t, J = 2.33 Hz, 1 H), 8.14 (td, J 
= 7.5 Hz,1.8 Hz, 1H), 8.01 (d, J = 8.6 Hz, 1H), 7.74 (dd, J = 8.6 Hz, 2.3 Hz, 1H), 
7.61 (m, 1H), 7.36 (t, J = 8.1 Hz, 1H), 7.09 (t, J = 9.0 Hz, 1H), 4.47 (t, J = 5.7 Hz), 
3.69 (m, 1H), 3.16 (s, 3H), 3.15 (d, J = 6.3 Hz, 2H), 3.09 (m, 2H). 2.99 (s, 3H), 
5 1.93 (m,2H), 1.57 (m,2H). 
Compound DO 

1 H NMR (300 MHz, CDCI 3 ) 5 8.66 (t, J = 2.4 Hz, 1H), 8.14 (m, 1H), 8.04 (d, J = 
8.6 Hz, 1H), 7.74 (dd, J = 8.4 Hz, 2.3 Hz, 1H), 7.62 (m, 1H), 7.36 (t, J = 8.0 Hz, 
1H), 7.10 (t, J = 9.2 Hz, 1H), 5.03 (b, 1H), 3.68 (m, 2H), 3.33 (q, J = 7.1 Hz, 2H), 
10 3.28 (s, 2H), 3.14 (m, 2H), 1.92 (m, 2H), 1.58 (m, 2H). 1.19 (t, J = 7.1 Hz, 3H). 
Compound DP 

1 H NMR (300 MHz, CDCI3) 8 8.69 (d, J = 2.3 Hz, 1H), 8.52 (m, 1H), 8.19 (d, J = 
8.0 Hz, 1H), 7.97 (m, 2H), 7.76 (dd, J = 2.4 Hz, 8.6 Hz,1H), 7.48 (m, 1H), 4.46 (t, J 
= 6.5 Hz, 1H), 3.68 (m, 2H), 3.15 (s, 3H), 3.13 (d, J = 6.1 Hz, 2H), 3.04 (m, 2H), 
15 2.98 (s, 3H), 1.91 (m, 2H), 1.55 (m, 2H). 
Compound EG 

1H NMR (CDCI3) 5 7.99 (t, J = 8 Hz, 1 H), 7.72 (d, J = 9 Hz, 1 H). 7.59 (s, 1H), 
7.53 (m, 2 H), 7.32-7.19 (m, 2 H), 7.04 (t, J = 9 Hz, 1 H), 6.73 (d, J = 8 Hz, 1 H), 
6.42 (b, 1 H), 4.68 (m, 1 H), 3.89 (d, J = 14 Hz, 2 H), 3.0 (t, J = 7 Hz, 2 H), 2.94 (s, 
20 3 H), 2.81 (t, J = 1 2 Hz, 2 H). 1 .78 (t, J = 12 Hz, 2 H). 1 .64 (b, 1 H), 1 .28 (m, 2 H). 

The compounds "of the present invention exhibit anti-inflammatory and/or 
immunomodulatory activity and are useful in the treatment of various medical 
conditions including, e.g., rheumatoid arthritis, systemic lupus erythematosus, 

25 multiple sclerosis, glaucoma, diabetes, osteoporosis, renal ischemia, cerebral 
stroke, cerebral ischemia, nephritis, psoriasis, allergy, inflammatory disorders of 
the lungs and gastrointestinal tract such as Crohn's disease, and respiratory tract 
disorders such as reversible airway obstruction, asthma, chronic obstructive 
pulmonary disease (COPD) and bronchitis. This utility is manifested as 

30 demonstrated by activity in the following assay. 

Potential cannabinoid receptor ligands were screened for the ability to 
cornpete with [ 3 H] CP-55,940 for binding to recombinant cannabinoid receptors. 
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Test compounds were serially diluted in Diluent Buffer (50 mM Tris pH 7.1, 1 mM 
EDTA, 3 mM MgCI 2f 0.1% BSA, 10% DMSO, 0.36% methyl cellulose (Sigma M- 
6385)) from stocks prepared in 100% DMSO. Aliquots (10 jiL) were transferred 
into 96-well microtiter plates. Membrane preparations of recombinant human 
cannabinoid CB2 receptor (Receptor Biology #RB-HCB2) or recombinant human 
cannabinoid CB1 receptor (Receptor Biology #RB-HCB1) were diluted to 0.3 
mg/mL in Binding Buffer (50 mM Tris pH 7.2. 1 mM EDTA, 3 mM MgCI 2 , 0.1% 
BSA). Aliquots (50 uL) were added to each well of the microtiter plate. The 
binding reactions were initiated by addition of [ 3 H] CP-55,940 (New England 
Nuclear # NET 1051; specific activity =180 Ci/mmol) to each well of the microtiter 
plate. Each 100 \i\ reaction mixture contained 0.48 nM [ 3 H] CP-55,940, 15 ng 
membrane protein in binding buffer containing 1% DMSO and 0.036 % methyl 
cellulose. Following incubation for 2 hours at room temperature, the reactions 
were filtered through 0.5% polyethylenimine-coated GF/C filter plates (UniFilter- 
96, Packard) with a TomTec Mark 3U Harvester (Hamden, CT). The filter plate 
was washed 5 times with binding buffer, rotated 180°, then re-washed 5 times with 
binding buffer. Bound radioactivity was quantitated following addition of 30 ul of 
Packard Microscint 20 scintillant in a Packard TopCount NXT microplate 
scintillation counter. Non-linear regression analysis of the resulting data was 
performed using Prism 2.0b (GraphPad, San Diego, CA). 

Compounds of the present invention were found to exhibit CB2 receptor 
binding activity in the range of 0.1 to 1000 nM. 

The present invention also relates to a pharmaceutical composition 
comprising a compound of formula I of this invention and a pharmaceutically 
acceptable carrier. The compounds of formula I can be administered in any 
conventional dosage form known to those skilled in the art. Pharmaceutical 
compositions containing the compounds of formula I can be prepared using 
conventional pharmaceutically acceptable excipients and additives and 
conventional techniques. Such pharmaceutically acceptable excipients and 
additives include non-toxic compatible fillers, binders, disintegrants, buffers, 
preservatives, anti-oxidants, lubricants, flavorings, thickeners, coloring agents, 
emulsifiers and the like. All routes of administration are contemplated including. 
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but not limited to, parenteral, transdermal, subcutaneous, intramuscular, 
sublingual, inhalation, rectal and topical. 

Thus, appropriate unit forms of administration include oral forms such as 
tablets, capsules, powders, cachets, granules and solutions or suspensions, 
sublingual and buccal forms of administration, aerosols, implants, subcutaneous, 
intramuscular, intravenous, intranasal, intraocular, subcutaneous or rectal forms of 
administration. 

When a solid composition is prepared in the form of tablets, e.g., a wetting 
agent such as sodium lauryl sulfate can be added to micronized or non- 
micronized compounds of formula I and mixed with a pharmaceutical vehicle such 
as silica, gelatin starch, lactose, magnesium stearate, talc, gum arabic or the like. 
The tablets can be coated with sucrose, various polymers, or other appropriate 
substances. Tablets can be treated so as to have a prolonged or delayed activity 
and so as to release a predetermined amount of active principle continuously or at 
predetermined intervals, e.g., by using ionic resins and the like. 

A preparation in the form of gelatin capsules may be obtained, e.g., by 
mixing the active principle with a diluent, such as a glycol or a glycerol ester, and 
incorporating the resulting mixture into soft or hard gelatin capsules. 

A preparation in the form of a syrup or elixir can contain the active principle 
together, e.g., with a sweetener, methylparaben and propylparaben as antiseptics, 
flavoring agents and an appropriate color. 

Water-dispersible powders or granules can contain the active principle 
mixed, e.g., with dispersants, wetting agents or suspending agents, such as 
polyvinylpyrrolidone, as well as with sweeteners and/or other flavoring agents. 

Rectal administration may be provided by using suppositories which may 
be prepared, e.g.. with binders melting at the rectal temperature, for example 
cocoa butter or polyethylene glycols. 

Parenteral, intranasal or intraocular administration may be provided by 
using, e.g., aqueous suspensions, isotonic saline solutions or sterile and 
injectable solutions containing pharmacologically compatible dispersants and/or 
solubilizers, for example, propylene glycol or polyethylene glycol. 
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Thus, to prepare an aqueous solution for intravenous injection, it is possible 
to use a co-solvent, e.g., an alcohol such as ethanol or a glycol such as 
polyethylene glycol or propylene glycol, and a hydrophilic surfactant such as 
Tween® 80. An oily solution injectable intramuscularly can be prepared, e.g., by 
solubilizing the active principle with a triglyceride or a glycerol ester. 

Topical administration can be provided by using, e.g., creams, ointments or 

gels. 

Transdermal administration can be provided by using patches in the form of 
a multilaminate, or with a reservoir, containing the active principle and an 
appropriate solvent. 

Administration by inhalation can be provided by using, e.g., an aerosol 
containing sorbitan trioleate or oleic acid, for example, together with 
trichlorofluoromethane, dichlorofluoromethane, dichlorotetrafluoroethane or any 
other biologically compatible propellant gas; it is also possible to use a system 
containing the active principle, by itself or associated with an excipient, in powder 
form. 

The active principle can also be formulated as microcapsules or 
microspheres, e.g., liposomes, optionally with one or more carriers or additives. 

Implants are among the prolonged release forms which can be used in the 
case of chronic treatments. They can be prepared in the form of an oily 
suspension or in the form of a suspension of microspheres in an isotonic medium. 

The daily dose of a compound of formula I for treatment of a disease or 
condition cited above is about 0.001 to about 100 mg/kg of body weight per day, 
preferably about 0.001 to about 10 mg/kg. For an average body weight of 70 kg, 
the dosage level is therefore from about 0.1 to about 700 mg of drug per day, 
given in a single dose or 2-4 divided doses. The exact dose, however, is 
determined by the attending clinician and is dependent on the potency of the 
compound administered, the age, weight, condition and response of the patient. 

Compounds of the present invention can be can be used in combination 
with disease modifying antirheumatic agents described herein above, the 
administration and dosage of such agents is as according to the schedule listed in 
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the product information sheet of the approved agents, in the Physicians Desk 
Reference (PDR) as well as therapeutic protocols well known in the art. 

Compounds of the present invention can be can be used in combination 
with H1 antagonists described herein above, the administration and dosage of 
such agents is as according to the schedule listed in the product information sheet 
of the approved agents, in the Physicians Desk Reference (PDR) as well as 
therapeutic protocols well known in the art. 

Compounds of the present invention can be can be used in combination 
with compounds useful in the treatment of multiple sclerosis described herein 
above, the administration and dosage of such agents is as according to the 
schedule listed in the product information sheet of the approved agents, in the 
Physicians Desk Reference (PDR) as well as therapeutic protocols well known in 
the art. 

Compounds of the present invention can be can be used in combination 
with compounds useful in the treatment of psoriasis described herein above, the 
administration and dosage of such agents is as according to the schedule listed in 
the product information sheet of the approved agents, in the Physicians Desk 
Reference (PDR) as well as therapeutic protocols well known in the art. 

Compounds of the present invention can be can be used in combination 
with compounds useful in the treatment of psoriasis described herein above, the 
administration and dosage of such agents is as according to the schedule listed in 
the product information sheet of the approved agents, in the Physicians Desk 
Reference (PDR) as well as therapeutic protocols well known in the art. 

It will be apparent to those skilled in the art that the administration of the 
agents used in combination with the compounds of the present invention can be 
varied depending on the disease being treated and the known effects of the 
agents on that disease. Also, in accordance with the knowledge of the skilled 
clinician, the therapeutic protocols (e.g. dosage amounts and times of 
administration) can be varied in view of the observed effects of the administered 
agents on the patients, and in view of the observed responses of the disease to 
the administered agents. 
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The following examples illustrate the preparation of some of the 
compounds of the invention and are not to be construed as limiting the invention 
disclosed herein. Alternate mechanistic pathways and analogous structures will 
be apparent to those skilled in the art. 

5 EXAMPLE I 



O 




0 2 

Compound 1 



Step 1 . A mixture of 4-(trifluoroacetamidomethyl)piperidinium trifluoroacetate 

(16.1 g, 49.6 mmol) and triethylamine (15 mL, 11 g, 109 mmol) in CH 2 CI 2 (100 
1 0 mL) was cooled to 0 °C and a solution of p-chlorobenzenesulfonyl chloride (1 1 .5 

g, 54.5 mmol) in CH 2 CI 2 (100 mL) was added dropwise by cannula over 5 min. 

The ice bath was removed and the reaction was allowed to proceed for 18 h at rt. 

The reaction mixture was poured into water. The layers were separated and the 

aq. layer was extracted with CH 2 CI 2 . The combined organic layers were washed 
15 with brine, dried over MgS0 4 , and filtered. The solvent was evaporated to afford 

16.8 g (96%) of Compound 1. 



O 




Compound 2 

Step 2. n-BuLi (9.8 mL, 1 .7 M in hexane, 17 mmol) was added dropwise 
20 over 10 min to a solution of Compound 1 (4.92 g, 14.0 mmol) in THF (100 mL) at 
-78 °C. The resulting orange-yellow solution was stirred at -78 °C for 30 min. A 
solution of di-t-butyl dicarbonate (3.7 g, 17 mmol) in THF (40 mL) was added by 
cannula and the reaction mixture was stirred at -78 °C for 5 h. The reaction 
mixture was partitioned between water (200 mL) and EtOAc (200 mL). The aq. 
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layer was extracted again with EtOAc. The combined organic layers were washed 
with brine, dried over MgS0 4 , and filtered. The solvent was evaporated to yield 
5.54 g (82%) of Compound 2. 



0 2 

5 Compound 3 

Step 3. Compound 2 (5.54 g, 1 1 .4 mmol) was dissolved in MeOH (110 ml_). 
A solution of potassium carbonate (11.1 g, 80.0 mmol) in water (100 mL) was 
added and the reaction mixture was stirred at rt for 12 h. The solvent was 
removed under reduced pressure and the resulting white paste was diluted with 

1 0 water (-20 mL) and extracted with EtOAc (3 x 1 00 mL). The combined organic 
extracts were washed with brine, dried over MgS0 4 , and filtered. The solvent was 
evaporated to yield 3.41 g (84%) of Compound 3. 

CK ^ ^^,.S. CF3 



>0v 2 



Step 4. Compound E A solution of Compound 3 (3.14 g, 8.80 mmol) and 
1 5 triethylamine (2.5 mL, 1 .8 g, 1 8 mmol) in CH 2 CI 2 (90 mL) was cooled to -78 °C 
and a solution of trifluoromethanesulfonic anhydride (1.6 mL, 2.7 g, 9.7 mmol) in 
CH 2 CI 2 (10 mL) was added dropwise over 5 min. The reaction mixture was stirred 
at -78 °C for 1 h, then poured into saturated aq NaHC0 3 solution. The organic 
layer was withdrawn and the aq. layer was extracted with EtOAc. The combined 
20 organic layers were washed with brine, dried over MgS0 4 , and filtered. Solvent 
was evaporated to afford an oil. Further purification by sgc (4:1 hexane-EtOAc) 
afforded 2.545 g (56%) of Compound 4 (E). 



10 
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EXAMPLE II 



0^ 



H CF3 



CI 



Compound I . Compound 4, from Example I, step 4 (65 mg, 0.12 mmol) was 
dissolved in MeOH (1 mL) and palladium(ll) hydroxide on carbon (4 mg, 20 wt% 
Pd, 0.006 mmol) was added. The reaction mixture was stirred under hydrogen 
atmosphere (ambient pressure) for 15 h, then filtered through a short pad of silica 
gel, eluting with EtOAc. The solvent was removed to provide a clear film, which 
was purified by sgc (2:1 hexane-EtOAc) to yield 55 mg (91%) of Compound 5(1). 

EXAMPLE III 

0 2 

Compound 6 

Step 1 . To a solution of Compound 1 (34.6 g, 93 mmol) in MeOH (1 800 mL) 
was added a solution of potassium carbonate (90 g, 650 mmol) in water (700 mL). 
The solution was stirred at rt for 18 h. The solvent was evaporated and the 
residue was partitioned between EtOAc (500 mL) and water (1000 mL). The 
1 5 organic layer was withdrawn, and the aq. layer was extracted further with EtOAc 
(5 x 200 mL). The combined organic layers were dried over MgS0 4 and then 
filtered. Solvent was removed under reduced pressure to yield 21 .5 g (80%) of 
Compound 6. 





0 2 

Compound 7 

20 Step 2. A solution of Compound 6 above (21 .5 g, 77.6 mmol) and 

triethylamine (32 mL, 24 g, 233 mmol) in CH 2 CI 2 (350 mL) was cooled to -78 °C 
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and a solution of trifluoromethanesulfonic anhydride (22 g, 78 mmol) in CH2CI2 
(250 mL) was added dropwise over 2 h. The reaction mixture was stirred for a 
further 2 h at -78 °C, then diluted with CH 2 CI 2 (500 mL). The organic solution was 
washed with 1 N HCI, water, and brine, then dried over MgS0 4 , and filtered. 
Solvent was evaporated to afford 28.3 g (87%) of Compound 7. 




F 

Compound 8 

Step 3. n-BuLi (4.7 mL, 2.5 M in hexane, 12 mmol) was added dropwise 
over 10 min to a solution of Compound 7 (2.33 g, 5.55 mmol) in THF (50 mL) at - 
78 °C. The resulting solution was stirred at -78 °C for 30 min. A solution of bis(2- 

1 0 fluorophenyl) disulfide (1 .4 g, 5.5 mmol) in THF (40 mL) was added by cannula 
and the reaction mixture was stirred at -78 °C for 5 h, and then allowed to warm 
to rt over ~12 h. The reaction mixture was neutralized with saturated aq NaHS0 4 
solution and was partitioned between water (200 mL) and EtOAc (200 mL). The 
aq. layer was extracted again with EtOAc. The combined organic layers were 

1 5 washed with brine, dried over MgS0 4 , and filtered. The solvent was evaporated 
to a solid. After purification by sgc (2:1 hexane-EtOAc), 2.52 g (83%) of 
Compound 8 was obtained. 




F 

20 Step 4. Compound BA Compound 8 (1 .42 g, 2.59 mmol) was dissolved in dry 
CI-I2CI2 (25 mL) and cooled to 0 °C. Solid MCPBA (3.58 g, -50 wt %. 1.79 g, 10.4 
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mmol) was added portionwise. The resulting suspension was stirred at 0 °C for 5 
min and at rtfor 18 h. The reaction mixture was diluted with CH 2 CI 2 (~500 mL) 
and washed successively with saturated aq NaHC0 3 , water, and brine, dried over 
MgS0 4 , and filtered. Evaporative removal of the solvent afforded a solid that was 
5 purified by sgc (2:1 hexanes-EtOAc) to yield 1 .34 g (89%) of Compound 9. 

Compound 9A 




Compound 2 : Compound 1 (4.82g, 30.6 mmol) was dissolved in HOAc (60 
1 0 mL) at 0 °C. Then HCI (con. 40 mL) was added followed by addition of NaN0 2 
(6.33g, 92 mmol) in H 2 0 (40 mL). This mixture was stirred at 0 °C for 30 min. 
Meanwhile in another container S0 2 was bubbled into HOAc (100 mL) at 0 °C for 
40 min. CuCI (cat.) was added to this mixture followed by addition of the 
diazonium salt. The reaction was stirred at 0 °C for 1 .5 h. The reaction mixture 
1 5 was poured into ice (500 g) and stirred for 1 .5 h. The solid was collected by 

suction filtration. The solid was dissolved in CH 2 CI 2 (50 mL) and washed by brine. 
The organic layer was separated and dried over Na 2 S0 4 , and concentrated to 
dryness to give 4 g (54%) crude compound 2 as a yellow solid. 
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Compound 4: Compound 2(2.41 g, 10 mmmol) was dissolved in CH 2 CI 2 
(10 mL) at room temperature. Compound 3 (2.1 g, 10 mmol) was added followed 
by addition of triethylamine (5.6 mL, 40 mol). The mixture was stirred at rt for 0.5 
h. It was extracted with brine (30 mL). The organic layer was dried over Na 2 S0 4 . 
and concentrated to dryness. The crude product was purified with via sgc (33% 
EtOAc/hexanes) to give 3.2 (84%) compound 4 as a white powder. 

Compound 5: Compound 4 (3.2 g, 8.44 mmol) was suspended in an 
ammonia solution (30 mL; 7N in MeOH) and was stirred at rt for 24 h. The solvent 
was removed under reduced pressure to afford 2.96 g (100%) compound 5 as 
white solid. 

Compound 6: Borane-methyl sulfide complex (2.85 mL, 10 M in THF, 28.5 
mmol) was added to a suspension of Compound 5 (2.96 g, 8.44 mmol) in THF (30 
mL). The reaction mixture was stirred at reflux for 3 h, then cooled to 0 °C. 
Concentrated HCI (2 mL) was added dropwise. The pH of the solution was 
adjusted tp neutrality was addition of 1 M of NaOH (~ 15 mL). The mixture was 
diluted with EtOAc (-30 mL) and water (100 mL). The organic layer was 
separated and dried over Na 2 S0 4 and concentrated to dryness. This material 
(1.86 g, 5.52 mmol) was dissolved in CH 2 CI 2 (30 mL) and cooled to -78 °C. EtaN 
(1.92, 13.9 mmol) was added followed by the addition of TFAA (0.78 mL, 5.52 
mmol). The reaction mixture was stirred for 1 .5 h before warming up to 0 °C. 
Brine (1 5 mL) was added and the product was extracted with CH 2 CI 2 (50 mL). 
The organic layer was dried over Na 2 S0 4 and concentrated to dryness. The 
crude product was purified via sgc (50% EtOAc/hexanes) to give 507 mg (16%) 
compound 6 as a white solid. 

Compound 7: In a flame dried flask under N 2 blanket, compound 6 (507> 
mg, 1 .1 7 mmol) was dissolved in dry THF (30 mL) and cooled to -78°C. n-Butyl 
lithium (2.0 M in hexanes, 1.23 mL, 2.46 mmol) was added followed after 45 min 
by pyridine disulf7de^58"mgri:i7 mmol). The cold bath was Removed after 2 h 
and the reaction mixture was allowed to warm to rt over 45 minutes then 
quenched with aq NH 4 CI. EtOAc (30 mL) was added to dilute the reaction. The 
reaction mixture was washed with brine (100 mL x 2). The organic layer was 
dried over Na 2 S0 4 and then concentrated to dryness. The crude material was 
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dissolved in CH 2 CI 2 (30 m!_) and HOAc (1 mL) and cooled to 0°C. MCPBA (2.4 g, 
ca 1.38 mmol) was added. The ice bath was removed and the reaction mixture 
was stirred at rt overnight. Aqueous NaHC0 3 (200 mL) and CH 2 CI 2 were added 
and the layers were separated. The organic layer was washed with aq NaHS03, 

5 NaHC0 3 , H 2 0, and brine then dried with Na 2 S0 4 . The crude product is purified by 
sgc (50% EtOAc/hexanes) to give 210 mg (31%) of compound 7 as a white solid. 

Compound 8: Compound 7 (205 mg, 0.36 mmol) was dissolved in dioxane 
(8 mL) at room temperature. LiOH (1 .0 M, 8.0 mL, 8.0 mmol) was added and the 
mixture was stirred at room temperature for overnight. The solvent was removed 

1 0 and CH 2 CI 2 (1 5 mL) and brine (1 5 mL) was added and the layers were separated. 
The aqueous layer was extracted with additional CH 2 CI 2 (15 mL) and the 
combined organic layers were dried over Na 2 S0 4 and concentrated to dryness to 
give compound 8 (170 mg, 99%) as a white powder. 

Compound 9A: Compound 8 (76 mg, 0.16 mmol) was dissolved in CH 2 CI 2 

15 (15 mL) and cooled to -78 °C. Et 3 N (40 mg, 0.4 mmol) was added followed by the 
addition of trifluoromethanesulfonic anhydride (45 mg, 0.16 mmol). The reaction 
mixture was stirred for 30 min before warming up to 0 °C. Brine (15 mL) was 
added and the product was extracted with CH 2 CI 2 (15 mL). The organic layer was 
dried over Na 2 S0 4 and concentrated to dryness. The crude product was purified 

20 via PTLC (33% EtOAc/hexanes) to give 47 mg (47%) Compound 9A as a white 
solid. 



EXAMPLE IV 

O 




0 2 

Compound 10 



Step 1 . A mixture of 4-(trifluoroacetamidomethyl)piperidinium trifluoroacetate 
25 (500 mg, 1 .54 mmol) and triethylamine (470 nL, 343 mg, 3.39 mmol) in CH 2 CI 2 (1 
mL) was cooled to 0 °C and a solution of 2-naphthalenesulfonyl chloride (350 mg, 
1.54 mmol) in CH 2 CI 2 (0.5 mL) was added in one portion by cannula. The ice bath 
was removed and the reaction was allowed to proceed for 16 h at rt. The reaction 
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mixture was diluted with CH2CI2 and washed successively with 1 N HCI, water, 
and brine. The organic phase was dried over MgSCvand filtered. Evaporation of 
the solvent afforded an oil that was then purified by sgc (1 :1 hexanes-EtOAc) to 
give 532 mg (86%) of Compound 10. 




-o 2 

Compound 1 1 



Step 2. Compound 10 (299 mg, 0.745 mmol) was dissolved in MeOH (4 mL) 
and THF (4 mL) and a solution of potassium carbonate (721 mg, 5.22 mmol) in 
water (2 mL) was added. The solution was stirred at rt for 1 5 h. The solvent was 
evaporated under reduced pressure and the aq. residue was partitioned between 
1 0 EtOAc (-50 mL) and water (-25 mL). The organic layer was washed with brine, 
dried over MgS0 4 , and filtered. Evaporation of the solvent provided 125 mg 
(55%) of product. 




o 2 

Compound 12 



1 5 Step 3. A solution of Compound 1 1 (62 mg, 0.202 mmol) and triethylamine 
(42 \iL, 31 mg, 0.303 mmol) in CH 2 CI 2 (200 uL) was cooled to 0 °C and 
trifluoromethanesulfonic anhydride (34 uL, 57 mg, 0.202 mmol) was added. The 
ice bath was removed and the reaction was allowed to proceed for 12 h at rt. The 
reaction mixture was diluted with CH 2 CI 2 and washed successively with 1 N HCI, 

20 water, and brine. The organic phase was dried over MgS0 4 and filtered. 
Evaporation of the solvent afforded a solid that was then purified by sgc (1:1 
hexanes-EtOAc) to give 25 mg (29%) of Compound 12. 
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EXAMPLE V 




Compound 13 

Step 1 . A solution of Compound 1 (1 0.0 g, 28.5 mmol) in THF (1 50 mL) was 
cooled to -78 °C and MeLi (22 mL, 1.0 M in THF-cumene, 31 mmol) was added 
dropwise over ~5 min. n-BuLi (20 mL, 2.5 M in hexane, 31 mmol) was added 
dropwise over -5 min, and the resulting solution was stirred at -78 °C for 30 min. 
Sulfur powder (1.095 g, 34 mmol) was added in one portion. The reaction mixture 
was stirred at -78 °C for 1 h and then at rt for 18 h. The reaction mixture was 
poured into saturated aq. NH 4 CI solution (-500 mL) and diluted with EtOAc (500 
mL). The aq layer was extracted with another portion of EtOAc (-250 mL). The 
combined extracts were washed with brine, dried over MgS0 4 , and filtered. 
Removal of solvent gave a syrup. Purification by sgc (1:1 hexanes-EtOAc) 
afforded 7.23 g (61 %) of Compound 13. 




Compound 14 

Step 2. To a suspension of sodium hydride (78 mg, 60% dispersion in oil, 
2.0 mmol) in THF (2 mL) at 0 °C was added, dropwise by cannula over 5 min, a 
solution of Compound 13 (628 mg, 1.51 mmol) in THF (13 mL). The solution was 
stirred at 0 °C for 30 min. lodomethane (122 mL, 278 mg, 2.0 mmol) was added 
in one portion and the reaction mixture was stirred at 0 °C for 5 min and then at rt 
for 15 h. The reaction mixture was diluted with EtOAc and poured into brine. The 
organic layer was withdrawn, dried over MgS0 4 , and filtered. Evaporation of the 
solvent provided an oil. Purification by sgc (3:1 hexanes-EtOAc) gave 432 mg 
(67%) of Compound 14 as a viscous syrup. 



WO 03/042174 PCT/US02/36185 „ 

75 

O 




Compound 



Step 3. To a solution of Compound 14 (424 mg, 0.983 mmol) in CH 2 CI 2 (5 
ml_) at 0 °C was added MCPBA (615 mg, -70 wt %, 431 mg, 2.50 mmol) in one 
portion. The reaction mixture was stirred at 0 °C for 1 min, then at rt for 16 h. The 
5 reaction mixture was diluted with EtOAc, then washed successively with saturated 
aq. NaHC0 3 and brine. The organic layer was dried over MgS0 4 and filtered. 
Evaporation of the solvent, followed by purification of the resulting oil by sgc (5:3 
hexanes-EtOAc) gave 272 mg (60%) of Compound 1 5. 




Compound 16 



Step 4. Solid potassium carbonate (342 mg, 2.47 mmol) was added to a 
solution of Compound 15 (229 mg, 0.494 mmol) in MeOH (5 mL) and water (1.5 
mL). The reaction mixture was stirred at rt for 16 h, then diluted with EtOAc (40 
mL), and washed with water (20 mL). The organic phase was washed with brine, 
1 5 dried over MgS0 4 , and filtered. Evaporation of the solvent afforded 148 mg (83%) 
of Compound 16. 




Compound 17 

Step 5. Compound DT A solution of Compound 1 6 (66 mg, 0.18 mmol) and 
triethylamine (33 uL, 27 mg, 0.24 mmol) in CH 2 CI 2 (450 uL) was cooled to 0 °C 
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and MsCI (18 \±, 27 mg, 0.24 mmol) was added dropwise. The solution was 
stirred at 0°C for 2 min and then at rt for 2 h. The reaction mixture was diluted 
with EtOAc and washed successively with water and brine. The organic phase 
was dried over MgS0 4 and filtered. Removal of the solvent afforded a solid that 
5 was then purified by sgc (1:1 hexanes-EtOAc) to yield 59 mg (74%) of Compound 
17(DT). 

" EXAMPLE VI 
r ^\/C0 2 Et 

BOC^ 
Compound 18 

Step 1 . To a solution of ethyl isonipecotate (50 g, 0.31 8 mol) in CH 2 CI 2 (1 50 
1 0 mL) at 0 °C was added a solution of di-t-butyl dicarbonate (73 g, 0.334 mol) in 
CH 2 CI 2 (150 mL) over 15 min. The ice bath was removed and the reaction mixture 
was stirred at rt for 12 h. The solvent was evaporated to yield a liquid. 
Subsequent purification by sgc (4:1 hexanes-Et 2 0) gave 80 g (98%) of Compound 
18. 

F .CQ 2 Et 



15 



BOC' N - 

Compound 19 

Step 2. To a solution of LDA (233 mL, 2.0 M in THF/heptane/ ethylbenzene, 
0.466 mol) in THF (300 mL) at 0 °C was added, dropwise over 1 .0 h, a solution of 
Compound 18 (100 g, 0.389 mol) in THF (-400 mL). The solution was stirred at 0 
°C for 30, and then transferred by cannula to a pre-cooled (0 °C) solution of N- 
20 fluorobenzenesulfonimide (153 g, 0.485 mol) in dry THF (-600 mL). The reaction 
mixture was stirred at 0 °C for 30 min, and then at rt for 18 h. The total solvent 
volume was reduced to approximately one third, and EtOAc (-1 L) was added. 
The solution was washed successively with water, 0.1 N aq. HCI, water, saturated 
aq. NaHC0 3 , and brine. The organic layer was dried over MgS0 4 , filtered, and 
25 concentrated under reduced pressure to yield a crude liquid. Separation by sgc 
(6:\ hexanes-EtOAc) gave 93.5 g (87%) of Compound 19. 
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0 2 

Compound 20 



Step 3. To Compound 1 9 (1 82 g, 0.66 mol) was added HCI (800 ml_, 4.0 M 
in dioxane). The solution was stirred at rt for 12 h, after which the solvent was 
removed under reduced pressure to afford a solid. The solid was redissolved in 
CH 2 CI 2 (1 L) and triethylamine (275 mL, 200 g, 1.97 mol) was added. The 
reaction mixture was cooled to 0 °C, and a solution of p-chlorobenzenesulfonyl 
chloride (139 g, 0.66 mol) in CH 2 CI 2 (500 mL) was added over 10 min. The ice 
bath was removed and the reaction was allowed to proceed at rt for 3 h. The 
reaction mixture was diluted with CH 2 CI 2 (1 L) and washed successively with 1 N 
HCI, water, and brine. The organic layer was dried over MgS0 4 and then filtered. 
Evaporation of the solvent afforded 163 g (71% over two steps) of Compound 20. 




Compound 21 

Step 4. Compound 20 (30 g, 86 mmol) was suspended in an ammonia 
solution (1 L; 7 N in MeOH) and was stirred at rt for 24 h. The solvent was 
removed under reduced pressure to afford a solid. CH 2 CI 2 (500 mL) was added, 
and then removed under reduced pressure to yield 28.7 g (100%) of Compound 
21. 



F 




Compound 22 

Step 5. Borane-methyl sulfide complex (25 mL, 10 M in THF, 250 

mmol) was added to a suspension of Compound 21 (15.0 g, 46.7 mmol) in THF 
(2Q0 mL). The reaction mixture was stirred at reflux for 3 h, then cooled to 0 °C 
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THF (500 mL) was added. Concentrated hydrochloric acid (13 mL) was added 
dropwise over 45 min. The pH of the solution was adjusted to neutrality via 
addition of 0.5 M NaOH solution (-350 mL). The mixture was diluted with EtOAc 
(-500 mL) and water (1 L). The organic layer was separated and the aq. layer 
extracted again with EtOAc (2 x 500 mL). The combined extracts were washed 
with brine (1 x 1 L), dried over MgS0 4 , and filtered. The solvent was evaporated 
to give 10.6 g (74%) of Compound 22. 



CI 



o 2 

Compound 23 

Step 6. To a solution of Compound 22 (1 0.6 g, 34.6 mmol) and triethylamine 
(1 5 mL, 1 1 g, 1 04 mmol) in CH 2 CI 2 (300 mL) at -78 °C was added, dropwise over 
30 min, a solution of trifluoromethanesulfonic anhydride (5.8 mL, 9.8 g, 35 mmol) 
in CH 2 CI 2 (100 mL). The solution was stirred at -78 °C for 3 h, then diluted with 
CH2CI2 (300 mL), and washed successively with 1 N HCI, water, and brine. The 
organic phase was dried over MgS0 4 and filtered. Removal of the solvent under 
reduced pressure afforded a solid that was purified by sgc (3:1 hexanes-EtOAc) to 
give 6.3 g (42%) of Compound 23. 






Compound 24 

Step 7. Compound AR To a solution of Compound 23 (1 .6 g, 3.7 mmol) in 
THF (30 mL) at -78 °C was added n-BuLi (3.2 mL, 2.5 M in hexane, 8.0 mmol). 
The reaction mixture was stirred at -78 °C for 1 h, after which a solution of di-t- 
butyl dicarbonate (1.6 g, 7.3 mmol) in THF (10 mL) was added. The reaction was 
allowed to proceed for 4 h. Dilute HCI (50 mL, 1 .0 M) was added, and the solution 
was extracted with EtOAc. The organic phase was washed successively with 1 N 
NaHC0 3 and brine, dried over MgS0 4 , and filtered. Removal of solvent afforded 
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a clear paste that was purified by sgc (3:1 hexanes-EtOAc) to give 1 .28 g (65%) of 
Compound 24 (AR). 

EXAMPLE VII 
,CN 



BOC' N - 

Compound 25 

Step 1 . To a solution of 1 -(t-butoxycarbonyl)-4-cyanopiperidine (1 .05 g, 5.00 
mmol) in THF (15 mL) at -78 °C was added a solution of LDA (3.0 mL, 2.0 M in 
THF/cumene/ethylbenzene, 6.0 mmol). The resulting solution was stirred at -78 
°C for 30 min. lodomethane (0.4 mL, 6 mmol) was added. The reaction mixture 
was allowed to warm to rt, and was stirred at rt for 18 h. The reaction mixture was 
diluted with EtOAc and washed successively with 1 N HCI, 1 M aq NaHC0 3 , and 
brine. The organic layer was dried over Na 2 S0 4 and filtered. Removal of solvent 
afforded an oily residue that was purified by sgc (4:1 hexanes-EtOAc) to give 1 .05 
g (94%) of Compound 25. 




BOC 

Compound 26 

Step 2. A mixture of Compound 25 (1 .00 g, 4.46 mmol) and Rh/Al 2 0 3 
catalyst (300 mg, 5 wt %, 0.14 mmol) in methanolic ammonia solution (15 mL, 
-3.5 N NH 3 in MeOH) was shaken under hydrogen atmosphere (-40 psi). The 
solution was filtered through a silica gel pad, and the filtrate was concentrated to 
give 1 .00 g (98%) of Compound 26. 

O 

A. 



BOC 




^CF 3 



Compound 27 

Step 3. To a solution of Compound 26 (2.0 g, 8.8 mmol) and triethylamine 
(5.0 mL, 3.6 g, 36 mmol) in CH 2 CI 2 at 0 °C was added TFAA (1.5 mL, 2.2 g, 11 
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10 



mmol). The reaction mixture was allowed to warm to rt, and was stirred for 18 h. 
The reaction mixture was diluted with CH 2 CI 2 and washed successively with 1 N 
HCI, water, 1 M aq NaHC0 3 , and brine. The organic layer was dried over Na 2 S0 4 
and filtered. Removal of the solvent gave 2.8 g (1 00%) of Compound 27. 

O 

■^CF 3 
Compound 28 

Step 4. A mixture of Compound 27 (2.8 g, 8.8 mmol) and hydrogen chloride 
solution (20 mL, 4.0 M in dioxane) was stirred at rtfor 15 h. Evaporation of the 
solvent gave 2.3 g (100%) of Compound 28. 



15 





Compound 29 

Step 5. To a solution of Compound 28 (1 .30 g, 5.00 mmol) and triethylamine 
(5.0 mL, 3.6 g, 36 mmol) was added p-chlorobenzenesulfonyl chloride (1 .06 g, 
5.02 mmol). The reaction mixture was stirred at rt for 18 h, then diluted with 
CH 2 CI 2 , and washed successively with 1 N HCI, 1 M aq NaHC0 3 . and brine. The 
organic layer was dried over Na 2 S0 4 and filtered. Evaporation of the solvent 
afforded a solid that was then purified by sgc (0.5% MeOH in CH 2 CI 2 ) to give 1 .8 g 
(90%) of Compound 29. 




20 



Compound 30 

Step 6. To a solution of Compound 29 (420 mg, 1 .06 mmol) in THF (1 0 mL) 
at ^78 °C was added n-BuLi (1.5 mL, 1.6 M in hexanes. 2.4 mmol). The solution 
was stirred at -78 °C for 30 min. A solution of di-t-butyl dicarbonate (220 mg. 1 .01 
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10 



15 



20 





mmol) in THF (2 mL) was added. The reaction mixture was allowed to warm to rt, 
and was stirred for 18 h. The reaction mixture was diluted with EtOAc and 
washed with water and brine, dried over Na 2 S0 4 . and filtered. Evaporation of the 
solvent gave a crude solid that was then purified by sgc (3:1 hexanes-EtOAc) to 
give 530 mg (100%) of Compound 30. 

CI „ ... .„ 

0 2 

o 

Compound 31 

Step 7. To a solution of Compound 30 (530 mg, 1 .06 mmol) in MeOH (20 
mL) was added a solution of potassium carbonate (1 .5 g, 1 1 mmol) in water (8 
mL). The reaction mixture was stirred at rt for 18 h. The solvent was evaporated 
and the residue was partitioned between EtOAc and water. The aq. layer was 
extracted further with EtOAc. The combined extracts were washed with brine, 
dried over Na 2 S0 4 , and filtered. Evaporation of the solvent gave 350 mg (87%) of 
Compound 31. 




Compound 32 

Step 8. Compound AN To a solution of Compound 31 (300 mg, 0.75 mmol) 
and triethylamine (2 mL, 1.5 g, 14 mmol) in CH 2 CI 2 (10 mL) at -78 °C was added 
a solution of trifluoromethanesulfonic anhydride (0.15 mL, 0.25 g, 0.089 mmol) in 
CH 2 CI 2 (5 mL). The reaction mixture was stirred at -78 °C for 2 h, then diluted 
with CH 2 CI 2 , and washed successively with 1 N HCI, 1 M aq. NaHC0 3 , and brine. 
The organic layer was dried over MgS0 4 and filtered. Evaporation of the solvent 
yielded a solid that was purified by sgc (3:1 hexane-EtOAc) to give 270 mg (67%) 
of Compound 32 (AN). 
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EXAMPLE VIII 
OH 




Compound 



Step 1 . Benzyl chloride (62.7 g, 0.496 mol) and diethanolamine (167.1 g, 
1.589 mol) were dissolved in ethanol (115 mL, Pharmco 190 proof) and heated to 
100 °C. The reaction mixture was stirred for 68 h at 100 °C then allowed to cool 
to rt. Water (200 mL), brine (200 mL), and CH 2 CI 2 (300 mL) were added and the 
layers were separated. The aqueous layer was extracted with 100 mL of CH 2 CI 2 . 
The combined organic layers were washed with brine and dried with MgS0 4 . 
Approximately half the solvent was evaporated and hexanes (200 mL) was added. 
The solvents were evaporated under reduced pressure. The resulting oil was left 
under vacuum overnight to give 106 g of an oil. Additional hexanes (250 mL) was 
added, followed by enough CH 2 CI 2 to bring the oil into solution. The solvents 
were evaporated to give 103 g of an oil. 1 H NMR indicated that this was the 
desired product, mixed with traces of ethanol. It was used in the next step without 
additional purification. 



CI 




Compound 34 



Step 2. Compound 33 (1 03 g, 0.528 mol) was dissolved in 1 ,2- 
dichloroethane (1050 mL) and added to a 3-necked, 3 L round-bottom flask 
equipped with a stir bar, addition funnel, and reflux condenser. The flask was 
placed in an oil bath and thionyl chloride (90 mL, 1.23 mol) was added dropwise 
via addition funnel over 50 hnin. The flask was kept under N 2 flow, with the 
exhaust gases bubbled through aq. NaOH. During the addition of the thionyl 
chloride, the reaction mixture was heated to 50 °C-(gas evolution). Once the 
addition was complete, the reaction mixture was stirred at 60 °C for 1 h and at 70- 
80 '°C for 3 h. The heat was turned off, and the reaction mixture was left stirring 
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overnight. The reaction mixture was concentrated to dryness under reduced 
pressure. 141 .3 g of Compound 34 was obtained. This material was used in the 
next step without further purification. 



Step 3. A 3-necked, 2 L round-bottom flask was flame dried under N 2 flow 
and allowed to cool to rt. Compound 34 (21.4 g, 79.6 mmol), anhydrous THF (245 
mL), and cyclopropyl acetonitrile (7.4 g, 91 mmol) were added. The flask was 
reblanketed with N 2 and cooled in an ice-water bath. Sodium 
bis(trimethylsilyl)amide (133 mL, 0.5 M in THF, 266 mmol) was added via addition 
funnel over 1 h. After the addition of the base was complete, additional anhydrous 
THF was added (250 mL) and the reaction mixture was stirred for 3 h at 0 °C. 
Water (150 mL) was added followed by EtOAc. The layers were separated. The 
aqueous layer was extracted with EtOAc and the combined organic layer was 
washed with brine and dried with MgS0 4 . The solvents were evaporated under 
reduced pressure to give 38.7 g of an oil. The crude product was purified via sgc 
using 0-2% MeOH/CH 2 CI 2 as the mobile phase. 5.12 g of Compound 35 was 
obtained. 



washed with absolute ethanol, which was decanted off. Methanolic ammonia (60 
mL- 7N) was added, followed by Compound 35 (1 .5 g, 6.2 mmol). The bottle was 
shaken under 28 psi of hydrogen at rt overnight- (28 psi=0.1 mol). The flask was 
recharged with 26 psi of H 2 and shaken at rt for 3 h and 15 min. The resulting 
material was filtered through a pad of Celite®, which was rinsed with MeOH. The 
filtrate was concentrated to give an oil which was purified via sgc using 5:95 




V 



Compound 35 




V 



Step 4. 
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MeOH/CH 2 CI 2 as the mobile phase, followed by 3:97 MeOH(NH 3 )/CH 2 Cl2- 
Approximately 0.5 g of starting material and 0.9 g of Compound 36 were isolated. 




Compound 37 

Step 5. Compound 36 (0.8 g, 3.3 mmol) was dissolved in triethylamine (1 
mL) and CH 2 CI 2 (1 7 mL), placed under N 2 blanket, and cooled to -78 °C. 
Trifluoromethanesulfonic anhydride (0.65 mL, 1.09 mmol) was added. The 
reaction mixture was stirred at -78 °C for 3 h. MeOH was added (10 mL) and the 
Dry Ice bath was removed. The solvents were evaporated and the crude reaction 
mixture was purified via sgc using a 2%-5% MeOH/CH 2 CI 2 gradient as the mobile 
phase. 1.15 g of Compound 37 was obtained. 




HN 



Compound 38 

Step 6. Compound 37 (1 .1 1 g, 2.94 mmol) was dissolved in 1 ,2- 
dichloroethane (14 mL) and a-chloroethyl chloroformate (0.335 mL, 3.1 mmol) 
was added. The reaction mixture was placed under N 2 blanket and heated to 80 
°C. The reaction mixture was stirred at 80 °C for 1.5 h. The heat was turned off, 
and the reaction mixture was stirred at rt over the weekend. Additional ct- 
chloroethyl chloroformate (0.250 mL) was added and the reaction mixture was 
stirred at 80 °C for 2 h. The reaction mixture was allowed to cool to rt, then 
concentrated to dryness. MeOH (50 mL) was added and the reaction mixture was 
refluxed overnight under N 2 blanket. The reaction mixture was concentrated to 
dryness and purified via sgc using a 1.5%-10% MeOH/CH 2 CI 2 gradient. 0.627 g of 
a foam was isolated and identified as the desired Compound 38. 
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10 



15 



20 




Compound 39 

Step 7. Compound 38 (1 1 5 mg, 0.401 mmol), 4-chlorobenzenesulfonyl 
chloride (120 mg, 0.569 mmol), N,N-dimethylaminopyridine (40 mg, 0.327), and 
tributylamine (200 \iL, 0.839 mmol) were dissolved in CH 2 CI 2 (2 mL) and left 
stirring over the weekend at rt. The reaction mixture was diluted with CH 2 CI 2 and 
washed with 1.0 M aq. NaHS0 4 and brine. The organic layer was dried with 
MgSCU and concentrated to give 0.36 g of an oil. The crude product was purified 
via sgc using 20-25% EtOAc/hexanes as the mobile phase. 115 mg of Compound 
39 was obtained. 

V 

ci> 




Compound 40 

Step 8. Compound BZ Compound 39 (81 mg, 0.175 mmol) was added to a 
flame dried Schlenk flask equipped with a stir bar. Anhydrous THF (1.5 mL) was 
added and the flask was blanketed with N 2 . The flask was placed in a Dry 
Ice/IPA bath and a solution of n-BuLi in hexanes (155 uL, 0.387 mmol) was 
added. The reaction mixture was stirred at -78 °C for 1 h and 15 min. Di-t-butyl 
dicarbonate (108 mg, 0.495 mmol) was added and the reaction mixture was left 
stirring overnight. The reaction mixture was quenched with 1.0 M, pH 7.0 
phosphate buffer and diluted with EtOAc. The layers were separated and the 
organic layer was washed with water and brine, then dried with MgS04. 
Evaporation of the solvent afforded an oil. The crude product was purified via sgc 
to give 0.04 g of Compound 40 (BZ). 
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EXAMPLE IX 




Compound 41 

Step 1 . 1-(t-Butoxycarbonyl)-4-methylenepiperidine (0.5 g, 2.6 mmol) was 
stirred in 3:1 CH 2 CI 2 -TFA (15 ml_) at rt for 3 h. The reaction mixture was 
concentrated under vacuum to give Compound 41 as an oil. 

CN 




Step 2. Compound 41 (1 .55 g, 7.94 mmol) was then dissolved in CH 2 CI 2 (50 
mL) and the solution was cooled to 0 °C. Triethylamine (4.43 ml_, 31.8 mmol) 
and 4-chlorobenzenesulfonyl chloride (2.01 g, 9.53 mmol) were added and the 
1 0 resulting solution was stirred rt for 1 .5 h. Water was added and the mixture was 
extracted with CH 2 CI 2 (20 mL). The organic layer was dried over Na 2 S04 and 
concentrated to dryness. The crude material was purified by sgc (10% EtOAc in 
hexanes) to give 1 .05 g (51%) of Compound 42. 

CI 

II 





0 2 

Compound 43 

1 5 Step 3. In a flame dried flask under N 2 blanket, Compound 42 (0.31 g, 1 .2 
mmol) was dissolved in dry THF (50 mL) and cooled to -78 °C. n-BuLi (0.69 mL, 
1.90 M solution in hexanes, 1.3 mmol) was added, and the mixture was stirred at 
-78 °C for 40 min. Di-t-butyl dicarbonate (0.75 g, 3.4 mmol) was added to the 
reaction mixture, which was stirred at -78 °C for 1 .5 h. The reaction mixture was 

20 slowly warmed to rt. Water was added to quench the reaction. The reaction 
mixture was extracted with EtOAc (3x20 mL). The organic layer was dried over 
Na^S0 4 and concentrated to dryness to give 0.42 g (100%) of crude product, 
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which could be used in the subsequent reaction without further purification. A 
small portion of the crude product (35 mg) was purified via sgc (10% EtOAc in 
hexanes) to give 31 mg of Compound 43. 




Compound 44 



5 Step 4. Compound 43 (1 .22 g, 3.27 mmol) was dissolved in CH 2 CI 2 (30 mL). 
MCPBA (1.41 g, 8.18 mmol) was added and the solution was stirred overnight at 
rt. The reaction mixture was diluted with CH 2 CI 2 , and washed with aq. NaHS03 
and aq. NaHC0 3 . The organic layers were combined, dried over Na 2 S0 4 and 
concentrated. The crude material was purified via sgc (25% EtOAc in hexanes) to 

1 0 give 1 .25 g (20%) of Compound 44. 




Compound 45 



Step 5. Compound 44 (0.52 g, 1 .3 mmol) was dissolved in 1 ,4-dioxane (20 
mL) and water (2 mL), and NaN 3 (0.26 g, 4.0 mmol) was added. The solution was 
heated overnight at reflux. The solvent was evaporated under reduced pressure 
1 5 and the residue was taken up by water and extracted with EtOAc (3 x 1 0mL). The 
organic layers were combined and dried with Na 2 S04. Evaporation of the solvent 
yielded Compound 45 (1 00% yield). This material was used in the next step 
without further purification. 




Compound 46 
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Step 6. Compound 45 (0.30 g, 0.69 mmol) was dissolved in THF (20 mL). 
Sodium hydride (67 mg, 2.1 mmol) and iodomethane (0.174 mL. 2.1 mmol) were 
added successively at rt. The resulting mixture was stirred overnight at rt. Water 
was added. The mixture was extracted with EtOAc (3x10 mL). The combined 
organic layers were dried over Na 2 S0 4 and concentrated to dryness. The crude 
material was purified via sgc (25% EtOAc in hexanes) to give 81 mg (26%) of 
Compound 46. 

^ NH 2 





XT de- 
compound 47 

Step 7. Compound 46 (47 mg, 0.1 1 mmol) was dissolved in THF (5 mL) and 
10 water (1 mL). Triphenylphosphine (55 mg, 0.21 mmol) was added and the 

resulting mixture was stirred overnight at rt. Water was added and the mixture 
was extracted with EtOAc (3 x 25 mL). The combined organic layers were dried 
over Na 2 S0 4 and concentrated to dryness. The crude material was purified via 
sgc (10% 7N NHa/MeOH solution in EtOAc) to give 25 mg (50%) of Compound 
15 47. 




Compound 48 
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Step 8. Compound AX Compound 47 (25 mg, 0.060 mmol) was dissolved in 
CH 2 CI 2 (5 mL). Triethylamine (16.6 uL, 0.063 mmol) was added. The solution 
was cooled to -78°C. Triflic anhydride (10.5 nL) was added dropwise. The 
reaction mixture was stirred at -78 °C for 1 .5 h. The solvent was evaporated and 
the crude material purified by PTLC plate (25% EtOAc-hexanes) to give 22 mg 
(80%) of Compound 48 (AX). 

EXAMPLE X 

OH 




Compound 49 

Step 1 . Compound 45 (0.1 9 g, 0.44 mmol) was dissolved in EtOAc (1 5 mL). 
Lindlar"s catalyst (palladium, 5 wt % in calcium carbonate, poisoned with lead; 
0.19 g) was added. The reaction mixture was shaken on a Parr apparatus under 
hydrogen atmosphere (52 psi) for 48 hrs. The reaction mixture was filtered and 
the solvent was evaporated. The crude product was purified via sgc to give 50 mg 
(28%) of Compound 49. 

oh y> 

nT s "cf 3 

H 




Compound 50 

Step 2. Compound BP Compound 49 (48 mg, 0.12 mmol) was dissolved in 
CH 2 CI 2 (5mL). NEt 3 (33.0 uL, 0.237 mmol) was added. The mixture was cooled 
to -78 °C. Trifluoromethanesulfonic anhydride (19.9 uL, 0.12 mmol) was added 
and the reaction mixture was stirred for 1 .5 h. The solvent was removed and the 
resulting crude material purified by PTLC (50% EtOAc in hexanes)to give 37.3 
mg (67%) of Compound 50 (BP). 
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EXAMPLE XI 




Compound 51 

Step 1 . In a flame dried flask under N 2 blanket, Indole (5.0 g, 43 mmol) was 
5 dissolved in THF (50 mL) and cooled to -78 °C. A solution of n-BuLi (1 .6 M in 
hexanes, 29 mL, 47 mmol) was added over 15 min. The resulting anion 
precipitated as a solid. The reaction mixture was warmed 0 °C and stirred for 1 h 
before being cooled to -78 °C again. A solution of 2-fluorobenzenesulfonyl 
chloride (9.1 g, 47 mmol) in THF (30 mL) was added over 20 min. The reaction 

10 mixture was allowed to warm slowly to rt and was then stirred overnight at it The 
reaction mixture was poured into 2% aq. NaHC0 3 (120 mL). The aq. layer was 
extracted with Et 2 0 (4 x 50 mL). The combined organic layers were washed with 
2% aq. NaHC0 3 (30 mL), H 2 0 (2 x 75 mL) and brine (2 x 50 mL). The organic 
phase was dried over Na2S0 4 and concentrated to dryness. The crude product 

1 5 was purified via sgc (5-8% EtOAc in hexanes) to give 1 1 .6 g (98%) of Compound 
51. 




Compound 52 



Step 2. In a flame dried flask under N 2 blanket, Compound 51 (1 .74 g, 6.3 
mmol) was dissolved in dry THF (30 mL) and cooled to -78°C n-BuLi (1 .84 M in 
20 hexanes, 3.4 mL, 6.3 mmol) was added and the reaction mixture was stirred for 
50 min. S0 2 was bubbled slowly into the reaction vessel for 1 h. The reaction 
was warmed to rt. The reaction mixture was concentrated to 5 mL. Ice-cold 
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hexanes (200 mL) was added, and precipitation of a solid occurred. The solid 
was collected by filtration and was washed with cold hexanes. This solid was 
dissolved in CH 2 CI 2 (200 mL) at rt. NCS (0.93 g, 7.0 mmol) was added and the 
reaction was stirred overnight. The mixture was washed with brine and the 
5 organic layer was dried over Na 2 S0 4 and concentrated to dryness. The crude 
product was purified via sgc (9% EtOAc in hexanes) to give 800 mg (34%) of 
Compound 52. 




Compound 53 



Step 3. Compound AT Compound 52 (170 mg, 0.46 mmol) was dissolved in 
10 CH 2 CI 2 (20 mL) at rt. 4-Fluoro-4-(trifluoromethanesulfonamidomethyl)piperidinium 
trifluoroacetate (344 mg, 0.91 mmol) and triethylamine (92 mg, 0.92 mmol) were 
added successively. The mixture was stirred for 4 h. The reaction mixture was 
extracted with brine (30 mL). The organic layer was dried over Na 2 S04, and 
concentrated to dryness. The crude product was purified by PTLC (33% EtOAc in 
1 5 hexanes) to give 1 36 mg (50%) of Compound 53 (AT). 
Compound 53A : 
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OMe 




Compound 2: Compound 1 (1 g. 6.79 mmol) was dissolved in CH 2 CI 2 (5 
mL). NaOH (50%, 4 ml_) was added followed by addition of 2- 
fluorophenylsulphonyl chloride (1.6 g, 8.22 mmol) and tetrabutylammonium 

5 hydrogensulfate (cat.). The reaction mixture was stirred at room temperature 
overnight. The aqueous layer was then removed, and the organic layer was dried 
over Na 2 S0 4 and concentrated to dryness. The crude product was purified via 
PTLC (10% EtOAc/hexanes) to give 2 g (97%) of compound 2 as a white solid. 
Compound 3: In a flame dried flask under N 2 blanket, compound 2 (2.0 g, 

1 0 6.55 mmol) was dissolved in dry TFA (30 mL) and cooled to -78 °C. A solution of 
n-butyl lithium. (2.04 M in hexanes, 3.3 mL, 6.6 mmol) was added and the reaction 
mixture was stirred for 45 min. S0 2 was bubbled in the reaction vessel at a slow 
rate for 45 min. The reaction was warmed to room temperature. The reaction 
mixture was concentrated to 5 mL. Ice cold hexanes (200mL) was added, and 

1 5 precipitation occurred. The solid was collected by filtration and it was washed by 
cold hexanes. This solid was dissolved in CH 2 CI 2 (200mL) at room temperature. 
NCS (1 .05 g, 7.87 mmol) was added and the reaction was stirred overnight. The 
mixture was washed with brine and the organic layer was dried over Na 2 S0 4 , and 
concentrated to dryness. The crude product was purified via sgc (9% 

20 EtOAc/hexanes) to give 780 mg (30%) compound 3 as a light brown solid. 

Compound 4A: Compound 3 (100 mg, 0.25 mmol) was dissolved in CH 2 CI 2 
(10 mL) at room temperature. Compound 4 (100 mg, 0.33 mmol) was added 
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followed by addition of triethylamine (63 mg, 0.62 mmol). The mixture was stirred 
at rt overnight. It was extracted with brine (30 mL). The organic layer was dried 
over Na2S04, and concentrated to dryness. The crude product was purified with 
preparative TLC plate (50% EtOAc/hexanes) to give 78 mg (56%) compound 4A 
as a white powder. 

Compound 53A: Compound 4A (78 mg, 0.14 mmol) was dissolved in 
CH 2 CI 2 (10 mL) at 0 °C. 5Br 3 (1 .0 M in CH 2 CI 2 , 1 mL, 1 mmol) was added. The 
reaction mixture was slowly warmed up to rt and stirred overnight. The mixture 
was washed with brine and the organic layer was dried over Na2S04, and 
concentrated to dryness. The crude product was purified via sgc (33% 
EtOAc/hexanes) to give 58 mg (78%) Compound 53A as a white solid. 

Example Xla 




NaH 



c4 *l. oc^c 



2) NCS 



S0 2 



15 




Et 3 N 

CF3SO2OSO2CF3 




V 0 
CF3 



UOH/dioxane 



2) mCPBA 



1)Et3N 
TFA • 




^CF 3 



py^ . 

of, 

Compound 2: Compound 1 (3 g, 0.026 mol) was dissolved in DMF (150 
mLJ, and cooled to 0 °C. NaH (dry, 95%, 0.97 g, 0.038 mol) was added, and the 
reaction was stirred for 1 5 min. A solution of 2-fluorophenyl disulphide (6.5 g, 
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0.026 mol) in DMF (5 mL) was added, and the reaction was allowed to proceed at 
r.t. overnight. The reaction was quenched with H 2 0. Solvent was removed. 
CH 2 CI 2 was added to dilution the reaction mixture. The organics were extracted 
with brine (50 ml x 2) and H 2 0 (50 ml x 2). The organic layer was dried over 
Na 2 S0 4 and concentrated to dryness. The crude product was purified via (10% 
EtOAc/hexanes) to give 5.33 g (85%) of compound 2 as a white solid. 

Compound 3: Compound 2 (2.1 g, 8.63 mmol) was dissolved in THF (35 
mL). NaH (dry, 95%, 1.04 g, 43 mmol) was added, and the reaction was stirred 
for 15 min. CH 3 I (4.1 mL, 43 mmol) was added and the reaction was stirred at rt 
overnight. H 2 0 was added to quench the reaction. EtOAc (20 mL) was added to 
dilute the reaction mixture. It was washed with brine (40 mL X 2). The organic 
layer was dried and concentrated to give 2.2 g (99%) compound 3 as a white 
solid. 

Compound 4: In a flame dried flask under N 2 blanket, compound 3 (2.2 g, 
8.6 mmol) was dissolved in dry THF (30 mL) and cooled to -78 °C. A solution of 
LDA (1 .4 M in cyclohexanes, 4.65 mL, 6.51 mmol) was added and the reaction 
mixture was stirred for 20 min. S0 2 was bubbled in the reaction for 20 min. It was 
slowly warmed up to rt. The reaction mixture was concentrated to dryness. The 
crude material was dissolved in CH 2 CI 2 (5 mL). Cold hexane was added and 
precipitation occurred. The solid was collected by filtration and it was washed by 
cold hexanes. The material was dissolved in CH 2 CI 2 (40 mL). NCS (2.3 g, 17.2 
mmol) was added and it was stirred at rt overnight. The reaction mixture was 
washed with brine (100 mL x 2). The organic layer was dried over Na 2 S0 4 and 
then concentrated to dryness to give crude compound 4 1.55 g (100%). 

Compound 5: Compound 4 (0.83 g, 2.3 mmol) was dissolved in CH 2 CI 2 (30 
mL) at room temperature. Compound i (0.76g, 2.3 mmol) was added followed by 
addition of triethylamine (0.82 mL, 5.87 mmol). The mixture was stirred at rt 
overnight. It was extracted with brine (30 mL). The organic layer was dried over 
Na 2 S0 4 , and concentrated to dryness. The crude product was dissolved in 
CH 2 CI 2 (40 mL) and cooled to 0 °C. MCPBA (3.24 g, ca 13.2 mmol) was added. 
The ice bath was removed and the reaction mixture was stirred at rt overnight. 
Aqueous NaHC0 3 (200 mL) and CH 2 CI 2 were added and the layers were 
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separated. The organic layer was washed with aq NaHS03, NaHCC>3, H2O, and 
brine then dried with Na 2 S04. The crude product is purified by sgc (33% 
EtOAc/hexanes) to give 0.57 g (44%) of compound 5 as a white solid. 

Compound 6: Compound 5 (0.57 g, 1.01mmol) was dissolved in dioxane 

5 (4 mL) at room temperature. LiOH (1 .0 M, 4.0 mL, 4.0 mmol) was added and the 
mixture was stirred at room temperature for overnight. The solvent was removed 
and CH 2 Cfe (15 mL) and brine (15 mL) was added and the layers were separated. 
The aqueous layer was extracted with additional CH 2 CI 2 (15 mL) and the 
combined organic layers were dried over Na 2 S0 4 and concentrated to dryness to 

1 0 give compound 6 0.44 g (92%). 

Compound 7: Compound 6 (70 mg, 0.15mmol) was dissolved in CH 2 CI 2 
(15 mL) and cooled to -78 °C. Et 3 N (0.053 mL, 0.38 mmol) was added followed 
by the addition of trifluoromethanesulfonic anhydride (42 mg, 0.15 mmol). The 
reaction mixture was stirred for 30 min before warming up to 0 °C. Brine (15 mL) 

1 5 was added and the product was extracted with CH 2 CI 2 (50 mL). The organic layer 
was dried over Na 2 SC>4 and concentrated to dryness. The crude product was 
purified via PTLC (33% EtOAc/hexanes) to give 40 mg (45%) compound 7 as a 
white solid. 



EXAMPLE XII 

O 




Compound 54 



Step 1 . lndole-2-carboxylic acid (1 .0 g, 6.2 mmol) and 4- 
(trifluoroacetamidomethyl)piperidinium trifluoroacetate (2.2 g, 6.8 mmol) were 
dissolved in CH 2 CI 2 (15 mL). HOBT (1.1 g, 8.1 mmol), EDCI (1.6 g, 8.1 mmol) 
and triethylamine (815 mg, 8.1 mmol) were added and the mixture was stirred 
25 overnight at rt. The crude mixture was washed with brine (2x15 mL). The 
organic layer was dried over Na 2 S0 4 and concentrated to dryness. The crude 
product was purified by sgc (EtOAc) to give 1 .36 g (62%) of Compound 54. 
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H 



NH 2 



O 



10 



Compound 55 

Step 2. Compound 54 (1 .0 g, 2.8 mmol) was dissolved in MeOH (1 0 mL) at 
rt. NaOH (1.0 M, aq M 10 mL, 10.0 mmol) was added and the mixture was stirred 
at rt for 4 hTThe solvent was removed and UH 2 U 2 (30 mL) and Drinel30 mL) 
were added and the layers were separated. The aq. layer was extracted with 
additional CH 2 CI 2 (15 mL) and the combined organic layers were dried over 
Na 2 S0 4 and concentrated to dryness to give 670 mg (100%) of Compound 55. 



Step 3. Compound 55 (105 mg, 0.40 mmol) was dissolved in 1 :1 ChfeClr 
THF(20 mL). BOC-ON (1 00 mg, 0.40 mmol) and DMAP (catalytic amount) were 
added and the reaction mixture was stirred overnight at rt. The mixture was then 
washed with brine, and the organic layer was dried over Na 2 S0 4 and 
concentrated to dryness. The crude product was purified by PTLC (50% EtOAc in 
hexanes) to give 144 mg (99%) of Compound 56. 



F Compound 57 

Step 4. Compound 56 (140 mg, 0.39 mmol) was dissolved in CH 2 CI 2 (5 
mL). NaOH (1.0 M, aq., 5 mL), 2-fluorobenzenesulfonyl chloride (76 mg, 0.39 




Compound 56 




O 



mmol), and tetrabutylammonium hydrogen sulfate (catalytic amount) were added 
successively. The reaction mixture was stirred overnight at rt. The aq. layer was 
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then removed, and the organic layer was dried over Na 2 S0 4 and concentrated to 
dryness. The crude product was purified by PTLC (4% MeOH(NH 3 ) in CH 2 CI 2 ) to 
give 44 mg (22%) of Compound 57. 



Step 5. Compound CZ Compound 57 (40 mg, 0.078 mmol) was stirred in 3:1 
CH2CI2-TFA (4 mL) at rt for 30 min. The solvent was removed and the crude 
material was dried under vacuum. This material was dissolved in CH2CI2 (15 mL) 
and cooled to -78 °C. Trifluoromethahesulfonic anhydride (22 mg, 0.078 mmol) 
and triethylamine (31 mg, 0.31 mmol) were added successively. The reaction 
mixture was stirred at -78 °C for 1 .5 h, allowed to warm slowly to rt, and was 
stirred for an additional 1 h. The reaction mixture was washed with brine (15 mL). 
The organic layer was dried over Na 2 S04 and concentrated to dryness. The 
crude product was purified by PTLC (50% EtOAc in hexanes) to give 14 mg (33%) 
of Compound 58 (CZ). 



Step 1 . Lithium aluminum hydride (0.82 g, 22 mmol) was stirred in THF (0.4 
mL) at 0 °C. A solution of ethyl indole-2-carboxylate (2.0 g, 10 mmol) in THF (13 
mL) was added dropwise. The reaction mixture was slowly warmed up to rt and 
was stirred for 30 min. It was then cooled to 0 °C. Water (2 mL), NaOH (1 N, aq., 
5 mL), and water (6 mL) were added successively. The mixture was stirred at rt 
for 15 min, then filtered through Celite® and washed with 10:1 CH 2 CI 2 -MeOH (150 
mL). The filtrate was washed with brine. The organic layer was dried over 
Na 2 S0 4 and concentrated to give 1 .55 g (99%) of Compound 59. 




F Compound 58 



EXAMPLE XIII 




H 



Compound 59 
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CHO 



H 



Compound 60 



Step 2. Compound 59 (1 .5 g, 1 0 mmol) was dissolved in CH 2 CI 2 (30 ml_) at 
rt. Manganese dioxide (85%, 7.5 g, 73 mmol) was added and the mixture was 
stfrredlirrtfor , 4 ^."A"nothWpbrti6n of manganese dioxtde-(85%; 6.0 g, 59 mmol) 
was added and the mixture was stirred for another 0.5 h. The reaction mixture 
was filtered through Celite®. The Celite® pad was washed with 10:1 
CH 2 CI 2 :MeOH (250 mL). The filtrate was concentrated to dryness to give 1 .22 g 
(82%) of Compound 60. 



Step 3. Compound 60 (1 .0 g, 6.9 mmol) was dissolved in CH 2 CI 2 (20 mL). 
NaOH (1 .0 M, aq., 10 mL), 2-fluorobenzenesulfonyl chloride (1 .48 g, 7.59 mmol), 
and tetrabutylammonium hydrogen sulfate (catalytic amount) were added 
successively. The reaction mixture was stirred at rt for 3 h. The aq. layer was 
removed, and the organic layer was dried over Na 2 S0 4 ,then concentrated to 
dryness. The crude product was purified sgc (25% EtOAc in hexanes) to give 951 
mg (46%) of Compound 61 . 



F Compound 62 
Step 4. Compound 61 (200 mg, 0.66 mmol) and 4- 
(trifluoroacetamidomethyl) piperidinium trifluoroacetate (214 mg, 0.66 mmol) were 




Compound 61 



O 
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dissolved in CH 2 CI 2 (20 mL) at rt. Titanium tetrachloride (1.0 M in CH 2 CI 2 , 0.34 
mL, 0.34 mmol) was added followed by addition of triethylamine (0.30 mL, 0.64 
mmol). The reaction mixture was stirred overnight at rt. Sodium 
cyanoborohydride (125 mg, 1.99 mmol) in MeOH (1 mL) was added and the 
reaction mixture was stirred at rt for 2 h. The reaction mixture was washed with 
brine (40 mL), and the organic layer was separated, then dried over Na 2 S0 4 and 
~concentrated-to dryness7^e-cmde^aterialwas^arifted-by-PTLC (33% EtOAc 
in hexanes) to give 92 mg (25%) of Compound 62. 



Step 5. Compound 62 (87 mg, 0.1 8 mmol) was dissolved in 1 ,4-dioxane (2 
mL) at rt. LiOH (1.0 M, aq., 2 mL, 2.0 mmol) was added and the mixture was 
stirred at rt for 4 h. The solvent was removed and CH 2 CI 2 (30 mL) and brine (30 
mL) were added. The layers were separated. The aq. layer was extracted with 
additional CH 2 CI 2 (15 mL). The combined organic layers were dried over Na 2 S0 4 
and concentrated to dryness to give 70 mg (100%) of Compound 63. 



Step 6. Compound DU Compound 63 (50 mg, 0.12 mmol) was dissolved in 
CH 2 CI 2 (10 mL) and cooled to -78 °C. Trifluoromethanesulfonic anhydride (36 mg, 
0.12 mmol) was added followed by addition of triethylamine (25 mg, 0.25 mmol). 
The reaction mixture was stirred at -78 °C for 45 min. The reaction mixture was 
washed with brine (15 mL). The organic layer was dried over Na 2 SC>4 and 




F Compound 63 





F Compound 64 
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concentrated to dryness. The crude product was purified by PTLC (33% EtOAc in 
hexanes) to give 43 mg (65%) of Compound 64 (DU). 

EXAMPLE XIV 



BOC" 



Compound 65 

5 Step 1 . Cerium(lll) chloride heptahydrate (25.5 g, 68.4 mmol) powder was 
stirred under vacuum (<0.1 mm Hg) at 145 °C for 18 h. The solid was allowed to 
cool to rt. THF (120 mL) was added and the solid was stirred at rt for 2 h. The 
suspension was cooled to -78 °C. MeLi (45 mL, 1.4 M in Et 2 0, 63 mmol) was 
added dropwise over 30 mln. The reaction mixture was stirred -78 °C for 30 min. 
10 A solution of 1-(t-butoxycarbonyl)-4-cyanopiperidine (4.35 g, 20.7 mmol) in THF 
(15 mL) was introduced by cannula, and the reaction was allowed to proceed at - 
78 °C for 4.5 h. Cone, ammonium hydroxide (40 mL) was added and the reaction 
mixture was allowed to warm to rt. CH 2 CI 2 (100 mL) was added and the mixture 
was stirred at rt for 1 h, then filtered through a Celite® pad. The Celite® pad was 
1 5 washed with CH 2 CI 2 (3 x 50 mL). The combined filtrates were concentrated under 
reduced pressure to afford 5.0 g (99%) of Compound 65. 

O 

'^CF 3 
Compound 66 

Step 2. To a solution of Compound 65 (5.0 g, 20.7 mmol) and triethylamine 
(10 mL, 7.3 g, 72 mmol) in CH 2 CI 2 (100 mL) at 0 °C was added TFAA (3.0 mL, 4.5 
20 g, 21 mmol). The reaction mixture was allowed to warm to rt, and was stirred for 
18 h. The reaction mixture was diluted with CH 2 CI 2 and washed successively with 
water, 1 M aq NaHC0 3 , and brine. The organic layer was dried over Na 2 S0 4 and 
filtered. Removal of the solvent gave a crude solid that was purified by sgc (0.5% 
MeOH in CH 2 CI 2 ) to give 5.8 g (83%) of Compound 66. 
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H 2 N 



Compound 67 



10 



Step 3. A mixture of Compound 66 (5.0 g, 14.8 mmol) and hydrogen 
chloride solution (100 ml_, 4.0 M in dioxane) was stirred a t rt for 18 h. Evaporation 
of the solvent gave 4.0 g (99%) of Compound 67. 



triethylamine (1.5 ml_, 1.1 g, 11 mmol) was added p-chlorobenzenesulfonyl 
chloride (390 mg, 1.85 mmol) in portions. The reaction mixture was stirred at rtfor 
18 h, then diluted with CH 2 CI 2 , and washed successively with 1 N HCI, 1 M aq 
NaHCCb, and brine. The organic layer was dried over Na 2 S0 4 and filtered. 
Evaporation of the solvent afforded a solid that was then purified by sgc (3:1 
hexanes-EtOAc) to give 690 mg (92%) of Compound 68. 



Step 5. To a solution of Compound 68 (380 mg, 0.92 mmol) in THF (10 mL) 
at-78 °C was added ri-BuLi (0.81 mL, 2.5 M in hexanes, 2.0 mmol). The solution 
was stirred at -78 °C for 30 min. Bis(2-fluorophenyl) disulfide (467 mg, 1 .84 
mmol) in THF (5 mL) was added dropwise. The reaction mixture was allowed to 
warm slowly to rt, and was stirred for 18 h. The reaction mixture was diluted with 
Et\)Ac and washed with water and brine, dried over Na 2 S0 4 , and filtered. 




Step 4. 



0 2 

Compound 68 

To a solution of Compound 67 (500 mg, 1.82 mmol) and 




O 
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Evaporation of the solvent gave a crude solid that was then purified by sgc (3:1 
hexanes-EtOAc) to give 400 mg (81%) of Compound 69. 

c,_ ^..I CFa 




p Compound 70 

Step 6. A mixture of Compound 69 (340 mg, 0.63 mmol) and MCPBA (550 
mg, 3.187 mmol) in CH 2 CI 2 (30 mL) was stirred at rt for 18 h. The reaction mixture 
was diluted with CH 2 CI 2 , washed successively with 1 M aq. NaHC0 3 and brine, 
dried over Na 2 S0 4 , and filtered. Removal of solvent yielded a white solid that was 
purified by sgc (3:1 hexanes-EtOAc) to give 218 mg (61%) of Compound 70. 




Compound 71 

1 0 Step 7. To a solution of Compound 70 (21 0 mg, 0.37 mmol) in 1 ,4-dioxane 
(5 mL) was added a solution of lithium hydroxide hydrate (155 mg, 3.7 mmol) in 
water (1 mL). The reaction mixture was stirred at rt for 18 h, then extracted with 
EtOAc. The organic phase was washed successively with water and brine, dried 
over Na 2 S0 4 , and filtered. Removal of solvent afforded 165 mg (94%) of 

15 Compound 71. 




F Compound 72 
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Step 8. Compound BF To a solution of Compound 71 (1 60 mg, 0.34 mmol) 
and triethylamine (1 mL, 0.73 g, 7.1 mmol) in CH 2 CI 2 (10 mL) at -78 °C was 
added a solution of trifluoromethanesulfonic anhydride (0.06 mL, 100 mg, 0.36 
mmol) in CH 2 CI 2 (2 mL). The reaction mixture was stirred at -78 °C for 15 min, 
then diluted with CH 2 CI 2 , and washed successively with 1 N HCI, 1 M aq. 
NaHC0 3 , and brine. The organic layer was dried over Na 2 S0 4 and filtered. 
Evaporation of the solvent yielded a solid that was purified by sgc (3:1 hexane- 
EtOAc) to give 1 10 mg (53%) of Compound 72 (BF). 

EXAMPLE XV 



CH 3 Q 




Compound 73 

Step 1 . Compound 73 was prepared in essentially the same manner as 
described in Example XIV starting at Step 2 substituting 4-(aminomethyl) 
piperidine for compound 65 and substituting p-methoxybenzenesulfonyl chloride 
for p-chlorobenzenesulfonyl chloride in Step 4. 

O 




Compound 74 

Step 2. To a solution of Compound 73 (837 mg, 1 .55 mmol) in CH 2 CI 2 (1 0 
mL) at -78 °C was added boron tribromide solution (4.6 mL, 1.0 M in CH 2 CI 2 , 4.6 
mmol). The reaction mixture was.stirred at -78 °C for 15 min, then at 0 °C for 2 h, 
and then at rt for 48 hr. The reaction mixture was diluted with Et 2 0 and CH 2 CI 2 , 
20 and saturated aq. NaHCOa was added. The aq. phase was extracted further with 
CHzCI 2 . The combined organic layers were washed successively with saturated 
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aq. NaHC0 3 and brine, dried over Na 2 S0 4 . and filtered. Removal of the solvent 
afforded 300 mg of Compound 74. 

O 




Step 3. Compound CE A solution of Compound 74 (300 mg, 0.572 mmol) and 
cesium carbonate (1 g, 3.1 mmol) in DMF (5 mL) was heated to 90 °C and 
allowed to return to rt. Bromodifluoromethane gas was bubbled through the 
solution for 5 min. The reaction mixture was stirred at 90 °C for 3 h, then at rt for 
15 h. The reaction mixture was diluted with EtOAc and washed successively with 
water and brine. The organic layer was dried over Na 2 S0 4 and filtered. 
Evaporation of the solvent, followed by purification of the crude product by sgc 
(30% EtOAc in hexanes) gave 220 mg of Compound 75 (CE). 

EXAMPLE XVI 




Compound 76 

Step 1 . A solution of Compound 4 (832 mg, 1 .60 mmol) and TFA (1 .2 mL, 
1 .8 g, 1 6 mmol) in CH 2 CI 2 (1 0 mL) was stirred at rt for 1 5 h, and then partitioned 
between EtOAc and 0.1 M aq. NaOH solution. The organic layer was extracted 
further 0.1 M aq. NaOH solution. The combined aq. layers were adjusted to pH 
~~1 witfTI Nliydrochloric acid, then extracted with EtOAc (5 x 50 mL). The 
combined organic extracts were washed with brine, dried over MgS0 4 , and 
filtered. Removal of the solvent, followed by storage under reduced (-0.1 mm Hg) 
pressure gave 673 mg (91%) of Compound 76. 
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F 



Compound 77 



Step 2. Pentafluorophenol (1.85 g, 10.1 mmol) and EDCI- HCI (1.93 g, 10.1 
mmol) were added successively to a solution of Compound 76 (2.34 g, 5.03 
mmol) in CH 2 CI 2 (10 mL). The reaction mixture was stirred at rtfor 18 h, then 
diluted with CH 2 CI 2 and washed successively with water, saturated aq. NaHC0 3 , 
and brine. The organic layer was dried over MgS0 4 and filtered. Removal of 
solvent, followed by purification of the resulting crude residue by sgc (2:1 
hexanes-EtOAc) gave 3.02 g (95%) of Compound 77. 



Step 3. Compound H To a suspension of sodium hydride (1 5 mg, 60% 
dispersion in mineral oil; 9.2 mg, 0.38 mmol) in DMF (275 jiL) was added 2- 
propanol (40 \iL, 31 mg, 0.52 mmol). The resulting solution was stirred at rt for 5 
min. Compound 77 (1 10 mg, 0.174 mmol) was then added in one portion. The 
reaction mixture was stirred for 75 min, then diluted with EtOAc and poured into 
saturated aq. NaHS0 4 solution. The aq. layer was extracted further with EtOAc. 
The combined extracts were washed with saturated aq. NaHC0 3 , water, and 
brine, then dried over MgS0 4 , and filtered. Removal of solvent, followed by 
purification of the resulting oil by sgc (2:1 hexanes-EtOAc) gave 55 mg (63%) of 
Cqmpound 78 (H). 




Compound 78 
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EXAMPLE XVII 




O 

A 



CF 9 



Compound 79 

Step 1 . A mixture of 4-(trifluoroacetamidomethyl)piperidinium trifluoroacetate 
(5.0 g, 11.4 mmol) and triethylamine (3.5 ml_, 2.5 g, 25 mmol) in CH 2 CI 2 (40 mL) 
was cooled to 0 °C and a solution of 2-nitrobenzenesulfonyl chloride (2.53 g, 11.4 
mmol) in CH 2 CI 2 (20 mL) was added. The ice bath was removed and the reaction 
was allowed to proceed at rt for 18 h. The reaction mixture was poured into water. 
The layers were separated and the aq. layer was extracted with CH 2 CI 2 . The 
combined organic layers were washed with brine, dried over MgS0 4 , and filtered. 
The solvent was evaporated to afford 4.4 g (97%) of Compound 79. 

Compound 80 

Step 2. To a solution of Compound 79 (2.7 g, 6.8 mmol) in MeOH (27 mL) 
was added a solution of lithium hydroxide (0.20 g, 8.4 mmol) in water (6 mL). The 
reaction mixture was stirred at rt for 18 h, then diluted with CH 2 CI 2 and washed 
with water. The organic layer was dried over Na 2 S0 4 and filtered. Evaporation of 
the solvent afforded 1 .95 g (95%) of Compound 80. 





Compound 81 

Step 3. A solution of Compound 80 (1 .29 g, 4.31 mmol) and triethylamine 
(0.66 mL, 0.48 g, 4.7 mmol) in CH 2 CI 2 (40 mL) was cooled to 0 °C and MsCI (0.74 
ml, 0.54 g, 4.7 mmol) was added dropwise. The solution was allowed to warm to 
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rt and was then stirred at rt for 18 h. The reaction mixture was diluted with CH 2 CI 2 
and washed successively with water and brine. The organic phase was dried over 
Na 2 S0 4 and filtered. Removal of the solvent afforded a 1 .59 g (98%) of 
Compound 81 . 




NH 2 

x 5 Compound 82 

Step 4. A mixture of Compound 81 (1 .59 g, 4.21 mmol), cone, hydrochloric 
acid (0.1 ml_), and 10% palladium on carbon (0.1 g) in MeOH (30 mL) was shaken 
under hydrogen atmosphere (30 psi) for 1 h. The catalyst was removed by 
filtration. The filtrate was diluted with CH2CI2 and washed successively with 

10 saturated NaHC03 and water. The organic extracts were dried over Na 2 S04 and 
filtered. Evaporation of the solvent afforded 1 .42 g (97%) of Compound 82. 




.NH 

^ Compound 83 

Step 5. Compound AJ A solution of Compound 82 (0.1 0 g, 0.29 mmol), 
triethylamine (44 jj.L, 32 mg, 0.32 mmol), and cyclopentanecarbonyl chloride (42 
15 mg, 0.32 mmol) in CH2CI2 was stined at rt for 18 h. The reaction mixture was 
diluted with CH 2 CI 2 and washed with 1 N HCI and water. The organic phase was 
dried over Na 2 S0 4 and filtered. Removal of the solvent afforded a crude solid that 
was purified by PTLC (5:1 CH 2 Cl2-Et 2 0) to give 72 mg (56%) of Compound 83 
(AJ). 
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EXAMPLE XVIII 



XXJ 



Br S S 
0 2 




H 



Compound 84 

Step 1 . A mixture of 4-(methanesulfonamidomethyl)piperidinium 
trifluoroacetate (0.5 g, 1.6 mmol) and triethylamine (0.5 mL, 0.36 g, 3.6 mmol) in 
CH 2 CI 2 (10 mL) was cooled to 0 °C and a solution of 5-bromo-2-thiophenesulfonyl 
chloride (0.37 g, 1.6 mmol) in CH 2 CI 2 (5 mL) was added. The ice bath was 
removed and the reaction was allowed to proceed at rtfor 18 h. The reaction 
mixture was poured into water. The layers were separated and the aq. layer was 
extracted with CH 2 CI 2 . The combined organic layers were washed with water, 
dried over MgS0 4 , and filtered. The solvent was evaporated to afford 0.60 g 
(89%) of Compound 84. 




Compound 85 
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Step 2. Compound W 

Tetrakis(triphenylphosphine)palladium(0) (20 mg, 0.017 mmol).was added 
to a solution of Compound 84 (0.21 g, 0.50 mmol) in THF (6 mL) and the resulting 
solution was stirred under a nitrogen atmosphere, at rt for 30 min. A solution of 

5 potassium carbonate (70 mg, 0.51 mmol) in water (1 mL), followed by 

phenylboronic acid (74 mg, 0.61 mmol), was added. The reaction mixture was 
stirred at reflux, under a nitrogen atmosphere for 24 h, then allowed to cool to rt. 
The reaction was diluted with EtOAc and washed successively with water and 
brine, dried over Na 2 S0 4 , and filtered. Removal of the solvent yielded a crude 

1 0 product that was purified by PTLC (3:1 CH 2 Cl2-Et 2 0) to give 72 mg (35%) of 
Compound 85 (W). 

EXAMPLE XIX 




Compound 86 

Step 1 . To a suspension of aluminum trichloride (19.1 g, 0.143 mol) in 
1 5 CH 2 CI 2 (30 mL) at -78 °C was added, dropwise over 1 h, a solution of thiqphene 

(12.0 g, 0.143 mol) and t-butyl bromide (19.6 g, 0.143 mol) in CH 2 CI 2 (30 mL). 

The reaction mixture was stirred at -78 °C for 2 h, then allowed to warm to rt, and 

stirred for a further 18 h. The reaction mixture was diluted with CH 2 CI 2 , and 

washed with water, 5% NaOH, and water. The organic layer was dried over 
20 Na 2 S0 4 and filtered. Removal of the solvent under reduced pressure afforded a 

liquid that was purified by vacuum distillation (-20 mmHg) to give 10.7 g (53%) of 

Compound 86. 




Compound 87 

Step 2. A solution of Compound 86 (1 .40 g, 9.98 mmol) in CH 2 CI 2 (1 0 mL) 
25 was added dropwise to an ice-cold solution of chlorosulfonic acid (3.5 g, 30 mmol) 
in pH 2 CI 2 (30 mL). The reaction mixture was stirred for 30 min at 0 °C, and then 
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poured into ice. The aq. solution was extracted with CH2CI2. The organic phase 
was washed with H 2 0, dried over Na 2 S0 4 , and filtered. Evaporation of the solvent 
gave 2.1 1 g (89%) of Compound 87. 



O 




Compound 88 

5 Step 3. A mixture of 4-(trifluoroacetamidomethyl)piperidinium trifluoroacetate 
(3.87 g, 8.8 mmol) and triethylamine (2.7 ml_, 2.0 g, 19.5 mmol) in CH 2 CI 2 (30 mL) 
was cooled to 0 °C and a solution of Compound 87 (2.11 g, 8.84 mmol) in CH 2 CI 2 
(5 mL) was added. The ice bath was removed and the reaction was allowed to 
proceed at rt for 4 h. The reaction mixture was poured into water. The layers were 

10 separated and the aq. layer was extracted with EtOAc. The combined organic 
layers were washed with water, dried over Na 2 S0 4 , and filtered. The solvent was 
evaporated to afford a solid that was then purified by sgc (3:1 hexanes-EtOAc) to 
give 3.30 g (90%) of Compound 88. 




Compound 89 



1 5 Step 4. To a solution of Compound 88 (1 .82 g, 4.41 mmol) in 1 ,4-dioxane 
(90 mL) was added aq. lithium hydroxide solution (90 mL, 1 .0 M). The reaction 
mixture was stirred at rt for 3 h, then diluted with CH 2 CI 2 and washed with water. 
The organic phase was dried over Na 2 S0 4 and filtered. Evaporation of the 
solvent gave 1 .52 g (1 00%) of Compound 89. 




Compound 90 
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Step 5. Compound CU A solution of Compound 89 (0.1 7 g, 0.54 mmol) and 
triethylamine (0.087 ml_, 0.063 g, 0.60 mmol) in CH 2 CI 2 (5 ml_) was cooled to 0 °C 
and MsCI (0.046 ml_, 68 mg, 0.59 mmol) was added dropwise. The solution was 
allowed to warm to rt and was then stirred at rt for 3 h. The reaction mixture was 
5 diluted with CH2CI2 and washed with water. The organic phase was dried over 
Na2S0 4 and filtered. Removal of the solvent afforded a residue that was then 
purified by sgc (2:1 hexanes-EtOAc) to give 74 mg (35%) of Compound 90 (CU). 

It will be understood that various modifications may be made to the 
embodiments and examples disclosed herein. Therefore, the above description 
10 should not be construed as limiting, but merely as exemplifications of preferred 
embodiments. Those skilled in the art will envision various modifications within 
the scope and spirit of the claims appended hereto. 
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CLAIMS 

We claim: 

1 . A compound of the formula I: 




or a pharmaceutical^ acceptable salt or solvate of said compound, wherein: 
L 1 is a covalent bond, -CH 2 - f -C(O)-, -C(0)0- f -S(0 2 )-, -S(O)-, -S-, -0-, -NH-, or 
-N(R 7 H 

L 2 is -CH 2 -, -C(H)(alkylh -C(aikyl)r, -C(O)-, -SO-. -S(0 2 ,)-, -C(=NR>, -C(=N-CN)- 

10 or 

-C(=N-OR 7 ); 

L 3 is a covalent bond, -C(O)- or -S(0 2 )-; 

R 1 is selected from the group consisting of H, halogen, alkyl, haloalkyl. cycloalkyl, 
cycloalkylalkyl. heterocyclylalkyl, -NHR 7 , -N(R 7 >2, -C(0)R 7 , -C(0)OR 7 , -S(0 2 )R 7 , 

1 5 -Si(alkyl) n (aryl)3-n, aryl and heteroaryl, wherein each of said aryl or heteroaryl can 
be unsubstituted or optionally independently substituted with one to five moieties 
which can be the same or different and are independently selected from the group 
consisting of halogen, alkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, haloalkoxy, 
alkoxy, -N(R 7 )2, -C(0)OR 7 , -C(0)N(R 7 ) 2 , -NC(0)R 7 , -NC(0)OR 7 , 

20 -NC(0)N(R 7 )2, -N0 2 , -CN, -S(0 2 )R 7 , -S(0 2 )N(R 7 ) 2 , -NC(=N-CN)NHR 7 , and OH, 
with the proviso that: 

e) when R 1 is halogen, L 1 is a covalent bond; 

f) when R 1 is -NHR 7 or -N(R 7 ) 2 , L 1 is a covalent bond, -CH2-, -C(O)-, 
-S(0 2 )- or -SO-; 

25 g) when R 1 is -C(0)R 7 or -C(0)OR 7 , L 1 is a covalent bond, -CH^, 

-NH- or -N (alkyl)-; and 

h) when R 1 is -S(0 2 )R 7 or -C(0)OR 7 , L 1 is a covalent bond, -CHr, -NH- or 
-N(alkylH 
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R 2 is H, -OH, halogen, -N(RV. -CF 3 , alkoxy, alkyl. haloalkyl. cycloalkyl or 
cycloalkylalkyl; 

R 3 and R 4 are the same or different, and are independently H or alkyl, or R 3 and 
R 4 taken together form a carbonyl group, i.e. C(=0); 

5 R 5 is H or alkyl; 

R 6 is selected from the group consisting of H, alkyl. haloalkyl. cycloalkyl, NHR 7 , 
N(R 7 )2. aryl and heteroaryl, wherein each of said aryl and heteroaryl can be 
unsubstituted or optionally independently substituted with one to five moieties 
which moieties can be the same or different and are independently selected from 

1 0 the group consisting of halogen, alkyl, cycloalkyl. haloalkyl, haloalkoxy, alkoxy and 
OH; 

R 7 is selected from H. alkyl, haloalkyl, cycloalkyl. heterocyclylalkyl, aryl and 
heteroaryl. wherein each of said aryl and heteroaryl can be unsubstituted or 
optionally independently substituted with one to five moieties which moieties can 

15 be the same or different and are independently selected from the group consisting 
of halogen, alkyl, cycloalkyl, haloalkyl. haloalkoxy, alkoxy and/or OH; 
A is selected from phenyl, naphthyl, pyridyl, thienyl, thiazolyl, and indolyl, quinolyl, 
isoquinolyl, pyrazinyl, pyridazinyl. furanyl, pyrrolyl, pyrimidyl. cinnolinyl, 
quinazolinyl, quinoxalinyl, phthalazinyl, benzofuranyl, benzothienyl; 

20 X is independently selected from the group consisting of H, halogen, alkyl, 
cycloalkyl. haloalkyl, hydroxy, alkoxy, alkoxycarbonyl, haloalkoxy, -N(R 7 )2, - 
N(R 7 )(C(0)R 7 ), 

-N(R 7 )(C(0)0R 7 ), -N0 2 and -CN, and when A is selected from the group 
consisting of pyridyl, thienyl, thiazolyl, indolyl, quinolyl, isoquinolyl, pyrazinyl, 
25 pyridazinyl, pyrrolyl, pyrimidyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, 
and benzothienyl, X can be oxide]; 
and 

n is 0-3, 

with the proviso that (i) the two R 7 moieties in -N(R 7 ) 2 can be the same or different 
30 and are independently selected, and (ii) the moiety -N(R 5 )-L 3 -R 6 can optionally 
form a ring system. 

2. A compound according to claim 1 wherein 
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L 1 is -CH r , -C(0)-, -S(O)-, -C(0)0-, or-S(0 2 )-; 

L 2 is -CH r . -CH(alkyl), -C(alkyl)2-, -C(0)-, -SO- or-S(0 2 )-; 

L 3 is-C(0)- or-S(0 2 K 

R 1 is alkyl, haloalkyl, cycloalkyl, aryl or heteroaryl, wherein said aryi and 
5 heteroaryl can be unsubstituted or optionally independently substituted with one to 
five moieties which can be the same or different and are independently selected 
from the group consisting of halogen, alkyl, cycloalkyl, haloalkyl, haloalkoxy, 
-N(R 7 )2, -CN, (C r C 6 )alkoxy and OH; 

R 2 is H, OH, halogen, CF 3 , alkoxy. -N(R 7 )2, (Ci-C 6 )alkyl. (C r C 6 )haloalkyl, 
10 -CH 2 -(CrC 5 )cycloalkyl, or (C 3 -C 5 )cycloalkyl; 

R 3 and R 4 are the same or different, and are independently selected 
fromHor(Ci-C 6 )alkyl; 

R 5 isHor(Ci-C 6 )alkyl; 
R 6 is H, (C r C 6 )alkyl, or haloalkyl; 
15 A is phenyl, naphthyl, indolyi, furanyl or pyridyl; 

X is selected from the group consisting of H, halogen, alkyl, haloalkyl, (C 3 - 
C 5 )cycloalkyl, hydroxy, alkoxy, and haloalkoxy and 
n is 0-2. 

3. A compound according to claim 1 wherein 
20 L 1 is -CH r , -C(0)0- or -S(0 2 )-; 
L 2 is-CHror-S(0 2 )-; 
L 3 is-C(0)- orS(0 2 )-; 

R 1 is alkyl, haloalkyl, cycloalkyl, aryl or heteroaryl, wherein said aryl and 
heteroaryl can be unsubstituted or optionally independently substituted with one to 
25 five moieties which can be the same or different and are independently selected 
from the group consisting of halogen, alkyl, cycloalkyl, haloalkyl, haloalkoxy, 
(Ci-C 6 )alkoxy and OH; 

R 2 is H, OH, halogen, CF 3 , alkoxy, (d-CeJalkyl, (C r C 6 )haloalkyl, 
-CHr(C 3 -C 5 )cycloalkyl or (Cs-Csjcycloalkyl; 
30 R 3 and R 4 are H; 

R 5 isHorC r C 6 alkyl; 

R 6 \s H, Ci-C 6 alkyl, or haloalkyl; 
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A is phenyl, indolyl or pyridyl; 

X is selected from the group consisting of H, halogen, alkyl, haloalkyl. 
(C 3 -C 5 )cycloalkyl, hydroxy, alkoxy, and haloalkoxy and 
n is 0-2. 

5 4. The compound according to claim 1 having the formula 2: 



wherein: 

L 3 is-C(0)-or-S(02)-; 
10 R 1 is alkyl, haloalkyl, cycloalkyl, aryl or heteroaryl, wherein said aryl and 

heteroaryl can be unsubstituted or optionally independently substituted with one to 
five moieties which can be the same or different and are independently selected 
from the group consisting of halogen, alkyl, cycloalkyl, haloalkyl, haloalkoxy, (C r 
C 6 )alkoxy and OH; 

15 R 2 is H, OH, F, (Ci-C 6 )alkyl, (CrC 6 )haloalkyl, alkoxy or (C3-C 5 )cycloalkyl; 
R 6 is H, C r C 6 alkyl, or haloalkyl; 

X is selected from the group consisting of H, halogen, alkyl, haloalkyl, (C3- 
C 5 )cycloalkyl alkoxy, hydroxy and haloalkoxy and 
n is 0-2. 

20 5. The compound according to claim 1 having the formula 3: 




2 




wherein: 



L 3 is-C(0)- or-S(0 2 )-; 
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R 1 is alkyl, haloalkyl, cycloalkyl, aryl or heteroaryl, wherein said aryl and 
heteroaryl can be unsubstituted or optionally independently substituted with one to 
five moieties which can be the same or different and are independently selected 
from the group consisting of halogen, alkyl, cycloalkyl, haloalkyl, haloalkoxy, 
5 (C r C 6 )alkoxy and OH; 

R 2 is H, OH, F, (Ci-C 6 )alkyl. (C r C 6 )haloalkyl, alkoxy or (C 3 -C 5 )cycloalkyl; 
R 6 is H, C r C 6 alkyl, or haloalkyl; 

X is selected from the group consisting of H, halogen, alkyl, haloalkyl, (C 3 - 
C 5 )cycloalkyl, alkoxy, hydroxy and haloalkoxy and 
10 n is 0-2. 

6. The compound according to claim 1 having the formula 4: 



15 L 3 is-C(0)-or-S(02); 

R 1 is alkyl, haloalkyl, cycloalkyl, aryl or heteroaryl, wherein said aryl and 
heteroaryl can be unsubstituted or optionally independently substituted with one to 
five moieties which can be the same or different and are independently selected 
from the group consisting of halogen, alkyl, cycloalkyl, haloalkyl, haloalkoxy, 

20 (Ci-C 6 )alkoxyand OH; 

R 2 is H, OH, F, (Ci-C 6 )alkyl, (C r C 6 )haloalkyl, alkoxy or (C 3 -C 5 )cycloalkyl, CHr 

(C 3 -C 5 )cycloalkyl; 

R 6 is H, d-Ce alkyl, or haloalkyl; 

X is selected from the group consisting of H, halogen, alkyl, haloalkyl, (C 3 - 
25 C 5 )cycloalkyl, alkoxy, hydroxy and haloalkoxy, and 
n is 0-2. 

7. The compound according to claim 1 having the formula 5: 




O 



4 



wherein: 



WO 03/042174 



PCT/US02/36185 



117 




O 

5 

wherein: 

L 3 is-C(0)-or-S(0 2 )-; 
5 R 1 is alkyl, haioalkyl, cycloalkyi, aryl or heteroaryi, wherein said aryi and 

heteroaryl can be unsubst'rtuted or optionally independently substituted with one to 
five moieties which can be the same or different and are independently selected 
from the group consisting of halogen, alkyl, cycloalkyi, haioalkyl, haloalkoxy, 
(CrC 6 )alkoxy and OH; 
10 R 2 is H, OH. F, (CrC 6 )alkyl. (Ci-C 6 )haloalkyl, alkoxy or (C 3 -C 5 )cycloalkyl. CHa- 
(C 3 -C 5 )cycloalkyl; 
R 6 is H, C r C 6 alkyl, or haioalkyl; 
R 5 is H, alkyl or aryl; 

X is selected from H, halogen, alkyl, haioalkyl, (C 3 -C 5 )cycloalkyl. alkoxy, hydroxy 
15 and haloalkoxy; and 
n is 0-2. 

8. The compound according to claim 1 wherein: 

L 1 is-C(0)0-or-S(0 2 )-; 

L 2 is-S(0 2 )-; 
20 L 3 is-C(0)-or-S(02)-; 

R 1 is selected from the group consisting of t-butyl, i-propyl, neopentyl, 2- 

trifluoromethyl-2-propyl, 1,1-bis(trifluoromethyl)-1 -ethyl, 2-fluorophenyl, 2,6- 

difluorophenyl, 2-pyridyl, and 2-pyrimidyl; 

R 2 is H, F, (CrC 6 )alkyl, OH, or alkoxy; 
25 R 3 = R 4 = H; 

R 5 is H; 

R 6 is CH 3 orCF 3 ; 

A is. phenyl, indolyl or pyridyl; 
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X is selected from the group consisting of H, F, CI, Br, CF 3 , -OCH 3 . -OCF 3 and - 
OCHF 2 ; and 
n is 0-2. 

9. The compound according to claim 1 of the formula: 



R 3 R 4 



5 




or a pharmaceutical^ acceptable salt thereof, wherein R 1 , R 2 , R 3 , R 4 , R 6 , A, L 1 , L 2 , 
L 3 and X are as set forth in the following table: 



Cmp 


R 1 


R 2 


R 3 


R 4 


R 6 


A = 


L 1 


L 2 


L 3 


X 


A 


H3C 


H 


H 


H 


CF 3 




co 2 


S0 2 


S0 2 


CI 


B 


H 3 Q , 
H 3 C-y-|- 
H 3 C 


H 


H 


H 


CH 3 




co 2 


so 2 


so 2 


OCF 3 


C 


HzC /~ I 
H 3 C ? 


H 


H 


H 


CF 3 




co 2 


so 2 




a 


D 


H 3 Q , 
H 3 C 


H 


H 


H 


CF 3 




C0 2 


so 2 


SO z 


H 


E 


H 3 Q , 

H 3 c-^-5- 

H 3 C 


H 


H 


H 


CF 3 




C0 2 


so 2 


S0 2 


a 


F 


H 3 C , 

H 3 c-Vi- 

H 3 C 


H 


H 


H 


CH 3 




C0 2 


so 2 


so 2 


CI 
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G 


■V 


H 


H 


H 


CF 3 




co 2 


so 2 


so 2 


CI 


H 


i-propyl 


H 


H 


H 


CF 3 




co 2 


so 2 


so 2 


a 


I 


H 3 Q , 
H 3 C-^-S- 

H 3 C 


H 


H 


H 


CH 3 




co 2 


so 2 


so 2 


H 


J 


cc 


H 


H 


H 


CH 3 




so 2 


so 2 


so 2 


OCH 3 


K 


(J 


H 


H 


H 


CH 3 




so 2 


so 2 


so 2 


OCH 3 


L 


cc 


H 


H 


H 


CH 3 




so 2 


so 2 


so 2 


OCF2H 


M 


cc 


H 


H 


H 


CH 3 




so 2 


so 2 


so 2 


OCF 3 


N 


cc 


H 


H 


H 


C2H5 




so 2 


so 2 
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CB=covalent bond 
* R 3 and R 4 taken together form a carbonyl group (C=0). 

10. The compound according to claim 1 having the formula: 

r2 v° 

N^R 6 
H 



O O 

or a pharmaceutical^ acceptable salt thereof, wherein R 1 , R 2 , R 6 , A, L 1 , and X are 
as set forth in the following table: 
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CB=covalent bond 

* R 3 and R 4 taken together form a carbonyl group (C=0). 
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1 1 . The compound according to claim 1 having the formula: 



v 



CF, 



12. The compound according to claim 1 having the formula: 

H 3 CO. 




aso 2 



0 2 




5 13. The compound according to claim 1 having the formula: 

H 3 C «W> 



CI 




aso 2 
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N^CF 3 



14. The compound according to claim 1 having the formula: 

C. ^3? V° 



15. The compound according to claim 1 having the formula: 
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16. The compound according to claim 1 having the formula 

H 3 CO 
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S' 
0 2 

17. The compound according to claim 1 having the formula 

0 2 




H 3 




so 2 



18. The compound according to claim 1 having the formula: 

CI 
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19. The compound according to claim 1 having the formula 
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20. The compound according to claim 1 having the formula: 



a 



N S 

SQ 2 2 



.INK 



F %P 



WO 03/042174 



PCTAJS02/36185 



21. 



1.37 

The compound according to claim 1 having the formula: 
CI 
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ch 3 o Qv ,p 
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s' 
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22. 



The compound according to claim 1 having the formula: 
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cu 



N^CF 3 
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5 23. The compound according to claim 1 having the formula: 




24. 



The compound according to claim 1 having the formula 
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N' S "CF 3 
H 




S0 2 



0 2 



25. The compound according to claim 1 having the formula: 
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F 



NT "CH 3 



26. The compound according to claim 1 having the formula: 




wherein X and R 2 are the same as in claim 1; and 
R 1 is aryl or heteroaryl, wherein each of said aryl or heteroaryl can be 
unsubstituted or optionally independently substituted with one to five moieties 
which moieties can be the same or different and are independently selected from 
the group consisting of halogen, alky-cycloalkyl, haloalkyl, haloalkoxy, 
(CrC 6 )alkoxy and OH; 

27. The compound according to claim 1 having the formula: 



wherein X is F, CI, OH orCN; 

R 1 is aryl or heteroaryl, wherein each of said aryl or heteroaryl can be 
unsubstituted or optionally independently substituted with one to five X moieties; 
and 

R 2 is H, OH, F, CH 3 , CF 3 or cyclopropyl. 

28. The compound according to claim 1 having the formula: 




Q,0 
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wherein 

X and R 2 are the same as in claim 1. 

29. The compound according to claim 1 having the formula: 



5 




wherein X is F, CI, OH or CN; 

R 1 is aryl or heteroaryl, wherein each of said aryl or heteroaryl can be 
unsubstituted or optionally independently substituted with one to five X moieties; 
and 

10 R 2 is H, OH, F, CH 3 , CF 3 or cyclopropyl. 
R 5 isHor alkyl 

30. The compound according to claim 29 having the formula: 



31 . A pharmaceutical composition comprising an effective amount of a 
15 compound according to claim 1 and a pharmaceutical^ acceptable carrier. 

32. A pharmaceutical composition comprising an effective amount of a 
compound according to claim 9 and a pharmaceutical^ acceptable carrier. 
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33. A pharmaceutical composition comprising an effective amount of a 
compound according to claim 10 and a pharmaceutically acceptable carrier. 

34. A method of treating cancer, inflammatory diseases, immunomodulatory 
diseases, or respiratory diseases comprising administering to a mammal in need 

5 of such treatment an effective amount of a compound according to claim 1 . 

35. A method of treating cutaneous T cell lymphoma, rheumatoid arthritis, 
systemic lupus erythematosus, multiple sclerosis, glaucoma, diabetes, sepsis, 
shock, sarcoidosis, idiopathic pulmonary fibrosis, bronchopulmonary dysplasia, 
retinal disease, scleroderma, osteoporosis, renal ischemia, myocardial infarction, 

10 cerebral stroke, cerebral ischemia, nephritis, hepatitis, glomerulonephritis, 
cryptogenic fibrosing aveolitis, psoriasis, transplant rejection, atopic dermatitis, 
vasculitis, allergy, seasonal allergic rhinitis, Crohn's disease, inflammatory bowel 
disease, reversible airway obstruction, adult respiratory distress syndrome, 
asthma, chronic obstructive pulmonary disease (COPD) or bronchitis comprising 

1 5 administering to a mammal in need of such treatment an effective amount of a 
compound according to claim 1 . 

36. The method of claim 35 wherein the condition or disease treated is 
selected from the group consisting of rheumatoid arthritis, multiple sclerosis, 
seasonal allergic rhinitis, psoriasis, transplant rejection and chronic obstructive 

20 pulmonary disease. 

37. A process for making a pharmaceutical composition comprising combining 
a compound of Claim 1 and a pharmaceutically acceptable carrier. 

38. A method of treating rheumatoid arthritis comprising administering to a 
mammal in need thereof an effective amount of a compound of Claim 1 in 

25 combination with at least one compound selected from the group consisting of a 
COX-2 inhibitor, a COX-1 inhibitor, an immunosuppressive, a steroid and an anti- 
TNF-cc compound. 

39. A method of treating rheumatoid arthritis comprising administering to a 
mammal in need thereof an effective amount of a compound of Claim 10 in 

30 combination with at least one compound selected from the group consisting of a 
COX-2 inhibitor, a COX-1 inhibitor, an immunosuppressive, a steroid and an anti- 
TNF-a compound. 
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40. The method of Claim 38 wherein the COX-2 inhibitor is Celebrex or Vioxx, 
the COX-1 inhibitor is Feldene, the immunosuppressive is methotrexate, 
leflunomide, sulfasalazine, or cyclosporin, the steroid is p-methasone and the anti- 
TNF-a compound is Enbrel or Remicade. 
5 41 . The method of Claim 39 wherein the COX-2 inhibitor is Celebrex or Vioxx, 
the COX-1 inhibitor is Feldene, the immunosuppressive is methotrexate, 
leflunomide, sulfasalazine, or cyclosporin, the steroid is p-methasone and the anti- 
TNF-a compound is Enbrel or Remicade. 

42. A composition for treating rheumatoid arthritis which comprises an effective 
1 0 amount of a compound of Claim 1 and a compound selected from the class 

consisting of a COX-2 inhibitor, a COX-1 inhibitor, an immunosuppressive, a 
steroid and an anti-TNF-a compound. 

43. A composition for treating rheumatoid arthritis which comprises an effective 
amount of a compound of Claim 10 and a compound selected from the class 

15 consisting of a COX-2 inhibitor, a COX-1 inhibitor, an immunosuppressive, a 
steroid and an anti-TNF-a compound. 

44. The composition of Claim 42 wherein the COX-2 inhibitor is Celebrex or 
Vioxx, the COX-1 inhibitor is Feldene, the immunosuppressive is methotrexate, 
leflunomide, sulfasalazine, or cyclosporin, the steroid is p-methasone and the anti- 

20 TNF-a compound is Enbrel or Remicade. 

45. The composition of Claim 43 wherein the COX-2 inhibitor is Celebrex or 
Vioxx, the COX-1 inhibitor is Feldene, the immunosuppressive is methotrexate, 
leflunomide, sulfasalazine or cyclosporin, the steroid is p-methasone and the anti- 
TNF-a compound is Enbrel or Remicade. 

25 46. A method of treating multiple sclerosis comprising administering to a 
mammal in need thereof an effective amount of a compound of Claim 1 in 
combination with an effective amount of a compound selected from the group 
consisting of Avonex, Betaseron and Copaxone. 

47. A method of treating multiple sclerosis comprising administering to a 
30 mammal in need thereof an effective amount of a compound of Claim 10 in 
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combination with an effective amount of a compound selected from the group 
consisting of Avonex, Betaseron and Copaxone. 

48. A composition for treating multiple sclerosis which comprises an effective 
amount of a compound of Claim 1 and a compound selected from Avonex, 

5 Betaseron and Copaxone. 

49. A composition for treating multiple sclerosis which comprises an effective 
amount of a compound of Claim 10 and a compound selected from the group 
consisting of Avonex, Betaseron and Copaxone. 

50. A method of treating psoriasis comprising administering to a mammal in 
10 need thereof an effective amount of a compound as defined in Claim 1 in 

combination with a compound selected from the group consisting of an 
immunosuppressive, a steroid and anti-TNF-a compound. 

51. A method of treating psoriasis comprising administering to a mammal in 
need thereof an effective amount of a compound as defined in Claim 10 in 

15 combination with a compound selected from the group consisting of an 
immunosuppressive, a steroid and anti-TNF-a compound. 

52. The method of Claim 50 wherein the immunosuppressive is methotrexate, 
leflunomide, sulfasalazine or cyclosporin, the steroid is p-methaso'ne and the anti- 
TNF-a compound is Enbrel or Remicade. 

20 53. The method of Claim 51 wherein the immunosuppressive is methotrexate, 
leflunomide, sulfasalazine or cyclosporin, the steroid is p-methasone and the anti- 
TNF-a compound is Enbrel or Remicade. 

54. A composition for treating psoriasis which comprises an effective amount of 
a compound of Claim 1 and a compound selected from the group consisting of an 

25 immunosuppressive, a steroid and anti-TNF-a compound. 

55. A composition for treating psoriasis which comprises an effective amount of 
a compound of Claim 10 and a compound selected from the group consisting of 
an immunosuppressive, a steroid and anti-TNF-a compound. 

56. The composition of Claim 54 wherein the immunosuppressive is 
30 methotrexate, leflunomide, sulfasalazine or cyclosporin, the steroid is p- 

mQthasone and the anti-TNF-a compound is Enbrel or Remicade. 
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57. The composition of Claim 55 wherein the immunosuppressive is 
methotrexate, leflunomide, sulfasalazine or cyclosporin, the steroid is p- 
methasone and the anti-TNF-a compound is Enbrel or Remicade. 

58. A method of treating seasonal allergic rhinitis and/or asthma comprising an 
5 effective amount of a compound of Claim 1 in combination with an H1 antagonist. 

59. A composition for treating seasonal allergic rhinitis and/or asthma which 
comprises an effective amount of an H1 antagonist and an effective amount of a 
compound of Claim 1. 

60. The composition of Claim 59 wherein the H1 antagonist is selected from 
1 0 the group consisting of Claritin, Clarinex, Zyrtec and Allegra. 



INTERNATIONAL SEARCH REPORT 



Irj lonal Application No 

PCT/US 02/36185 



A. CLASSIFICATION OF SUBJECT MATTER , , , ^ M „ „ #„ _ 

IPC 7 C07D209/04 C07D213/89 C07D307/34 C07D333/34 C07D413/12 
C07D213/62 C07D409/12 C07D239/10 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07D 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , BEILSTEIN Data, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P.A 



WO 96 25397 A (MERCK FROSST CANADA INC 
; GALLANT MICHEL (CA); GAREAU YVES (CA); 
GU) 22 August 1996 (1996-08-22) 
cited in the application 
claims; examples 

WO 02 062750 A (SCHERING CORP) 
15 August 2002 (2002-08-15) 
claims; examples 



1-60 



1-60 



□ 



Further documents are listed In the continuation of box C. 



Patent family members are listed In annex 



* Special categories of cited documents : 

•A" document defining the general state of the art which is not 

considered to be of particular relevance 
'E* earlier document but published on or after the International 

filing date 

V document which may throw doubts on priority dalm(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

■C document referring to an oral disclosure, use, exhibftion or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international flBng date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document Is taken atone 

■Y" document of particular relevance; the claimed Invention 
cannot be considered to Involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

document member of the same patent family 



Date of the actual completion of the International search 



24 February 2003 



Date of mailing of the international search report 

04/03/2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVROswdk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Menegakl , F 



Form PCT/1SA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



jrnatlonal application No. 
PCT/US 02/36185 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. j_J Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. [][] Claims Nos.: 1 > 2 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful intemationai Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple Inventions in this international application, as follows: 



1. I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
1 — 1 searchable claims. 

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. J I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — ' covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant Consequently, this International Search Report 16 
restricted to the invention first mentioned In the claims; it Is covered by claims Nos.: 



Remark on Protest 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



The additional search fees were accompanied by the applicant's protest 
No protest accompanied the payment of additional search fees. 



International Application No. PCTAJS 02 £61 85 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 
Claims Nos.: 1,2 



Present claims 1,2 relate to an extremely large number of possible 
compounds. Support within the meaning of Article 6 PCT and/or disclosure 
within the meaning of Article 5 PCT is to be found, however, for only a 
very small proportion of the compounds claimed. In the present case, the 
claims so lack support, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope is impossible. 
Consequently, the search has been carried out for those parts of the 
claims which appear to be supported and disclosed, namely those parts 
relating to the compounds according to Claims 3-60. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



INTERNATIONAL SEARCH REPORT 

.nf ormatlon on patent family members 



Patent document 
cited In search report 



Publication 
date 



I lonat Application No 

PCT/US 02/36185 



Patent family 
member(s) 



WO 9625397 



22-08-1996 



Publication 
date 



uo 


S532237 A 


02-07-1996 


AU 


703913 B2 


01-04-1999 


AU 


4616696 A 


04-09-1996 


CA 


2211836 Al 


22-08-1996 


WO 


9625397 Al 


22-08-1996 


EP 


0809630 Al 


03-12-1997 


OP 


3033076 B2 


17-04-2000 


JP 


10508870 T 


02-09-1998 



W0 02062750 A 15-08-2002 WO 02062750 Al 15-08-2002 



Focm PCT/ISA/210 (patent family annex) (July 1992) 



